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ABSTRACT 
In this study, D A-protein interactions of a one kilobase region proximal to the 
transcription start site of the zrp2 (Zea mays root-preferential 2) gene promoter was 
analyzed. The intent of this research was to identify regions of the promoter and D A-
protein interactions, that are responsible for root-preferential transcription. In vitro run-on 
transcription assays had re ealed dramatically higher levels of transcription in 3-d-old 
roots than in 5-d-old leaves (Held, 1993). Interactions between regions of the zrp2 
promoter and nuclear protein extracts from 3-d-old roots and 5-d-old leaves of maize were 
analyzed by gel mobility-shift assays. Two D A-protein complexes with each protein 
extract were observed with the -4 72 to -180 region of the promoter. This region showed 
72% nucleotide identity with a 159 bp portion of the first intron from an a-tubulin gene 
that is expressed preferentially in the roots of maize (Montoliu et al., 1989). AD A-
protein complex with high electrophoretic mobility (Z2BP1) was observed with both root 
and leaf nuclear protein extracts. Complexes Z2BP2 and Z2BP3 were preferentially 
formed with root and leaf nuclear protein extracts respecti ely. ubsequently, the protein-
binding region was delimited to a 73 bp (-330 to -258) region, which contained several 
repeats of two sequence motifs consisting only of As and Ts. The effect of the protein-
binding sequence on transcription of the 1 kbp and the 4.7 kbp promoter fragments (fused 
to the GU reporter gene) were analyzed by particle bombardment-mediated transient 
assays in roots and lea es of maize. The transcriptional activities of promoters, with the 
protein-binding region deleted were compared with their respecti e intact promoters. In 
roots the deletion resulted in 5-fold-less transcriptional activity with the 1 kbp promoter 
fragment, while the 4.7 kbp promoter showed no significant decrease. In lea es no 
ignificant decrease was observed with either 1 kbp or 4.7 kbp promoters. We conclude 
that this protein-binding region is important in enhancing the le el of transcriptional 
acti ity in roots. 
CHAPTER 1: INTRODUCTIO 
Regulation of Gene Expre ion 
Plant development and function is critically dependent on the precise control of gene 
expression. In any one cell at a particular time only a subset of the total genetic 
information is expressed. The available e idence shows that there are unique and 
overlapping sets of mRNAs among different organs of a plant (Kamala and Goldberg 
1980 1984) Consequently the presence of a gene product may be limited to a certain cell 
type or organ at specific stages of de elopment or in response to a distinct stimuli. 
Expression of a gene is a multistep process including messenger RNA synthesis in the 
nucleus, transport of newly synthesized mRNA to the cytoplasm, synthesis of protein in 
the cytoplasm and transport to other cellular locations, resulting in the production of a 
functional product in the proper location and time. Regulation can be applied at numerous 
points in this pathway. Initiation of mRNA synthesis is a primary control point in the 
regulation of differential gene expression. Cells respond to intra- and extra-cellular cues 
by turning the transcription of certain genes on or off and by modulating the amount of 
transcription. Although the mechanisms and biochemical pathways by which cells 
integrate physiological cues to ield appropriate transcriptional changes are still unknown 
it is clear that the frequenc of initiation of mRNA synthesis depends ultimately on protein 
factors that interact with discrete specific elements in promoters of genes. 
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omponent In olved in Regulation of Tran cription 
i -acting element 
Eukaryotic organisms contain three distinct forms of nuclear D A-dependent RNA 
polymerases pol I, pol II and pol III , each responsible for the transcription of a particular 
class of genes. Although the three pol merases are structurally closely related distinct 
mechanisms appear to be in olved in transcription initiation by each enzyme ( awadogo 
and entenac 1990). Regulatory elements for RNA polymerase II transcription can be 
scattered both upstream and downstream of the transcription start site of a gene (Johnson 
and McKnight 1989). ystematic mutational analyses have re ealed that each gene has a 
particular combination of positi e and negati e regulatory cis-elements that are uniquely 
arranged in type number and spatial distribution. These elements are binding sites for 
sequence-specific transcription factors that modulate transcription of that gene. Typically, 
cis-elements are arrayed within se era! hundred base pairs from the transcription initiation 
site. The control region (in the immediate icinity of the transcription start site) which is 
capable of dri ing transcription is called the promoter. Promoters are composed of 
multiple cis-elements or modules, each contributing to a complex pattern of transcriptional 
regulation. (Dynan 1989). Regions that regulate a promoter from a distance in orientation 
independent manner are called enhancers (Ptashne, 1986). 
Cis-acting elements can be broadly categorized into two classes: sequences that are 
binding sites for RNA polymerase complex (or for factors associated with RNA 
polymerase) that are essential for basic transcription (general factors) and sequences that 
are binding sites for protein factors that ma interact with the RNA polymerase complex 
to regulate the le el of transcription. 
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As the basic transcriptional apparatus is common to all pol II-transcribed genes in 
principle sequence elements in ol ed in the binding of RNA polymerase and general 
transcription factors should be conserved in all promoters. equence comparisons between 
different promoters show several short consensus sequences that are conserved. The 
T TA box CAA T box and GC box are the most important and best characterized of these 
promoter-elements. 
The TAT A box is situated approximately 30 bp upstream of the transcription start site 
and has the consensus of TAT AA T flanked by CG-rich sequences in plants. This element 
is recognized by a sequence-specific TATA-binding protein (TBP) which is a component 
of a large complex of proteins (T AFs) forming the basal transcription factor, TFIID. This 
factor functions in organizing the assembly of the transcription complex, including 
transcription factors TFIIA TFIIB TFIIE, TFIIF and RNA polymerase II on to the 
promoter (reviewed by awadogo and entenac 1990). Mutations in the TA TA box 
interfere with the proper transcription initiation and promoters that lack TAT A box usually 
lack unique start points. 
The CAA T box is preserved only in some promoters and is usually located around 80 
bp upstream of the transcription start site. Plant genes frequently do not contain a CAA T 
box. e ertheless in cereal promoters a CATC sequence located at -90 bp may serve as 
the substitute for the CAA T box (Kries et al . 1986). The GC box contains the sequence 
GGGCGG and often is present in multiple copies. Both the CAA T box and the GC box 
can function in either orientation and are believed to play a key role in bringing the RNA 
polymerase into the icinity of the transcription start site, thus influencing the frequency of 
initiation. 
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Cis-acting elements that are binding sites for proteins interacting with the RNA 
polymerase complex can be of se eral types. Through interaction with specific 
transcription factors, they can confer location-, time- and developmental stage-
specific/preferential transcription or regulate signal-dependent transcription. Most genes 
transcribed in an organism are regulated in a cell, tissue organ, de elopmental stage and 
en ironmental cue-specific manner. Cells respond to en ironmental or developmental 
stimuli by switching transcription on off or by altering the level of transcription of 
respective genes. Cis-elements through interaction with transcription factors act as 
enhancers or repressors of transcription. Although there are a plethora of examples of 
enhancer elements not many repressor elements ha e been identified in plants (Bruce et 
al. 1991 · Haaren and Van Houck, 1991). 
is-elements are responsible for conferring cell- tissue- or organ-specific transcription 
in plants (Benfy et al., 1989, 1990a· Levya et al. 1992). Promoter deletion analyses ha e 
re ealed that promoters consist of an array of cis-elements, some capable of organ- or 
tissue-specific transcription. The Cauliflower Mosaic Virus (CaMV) 35 promoter 
although functioning as a constituti e promoter in total, directs transcription of the GU 
reporter gene specifically in roots, when deleted up to -90. The region from -343 to -90 
directs transcription in shoots (Benfy et al. 1989). In the bean phenylalanine ammonia-
lyase gene 2 (P AL2) promoter cis-elements located between -289 to -74 from the 
transcription start site are essential for transcription of GU in the xylem and -480 to -289 
region for e pression in the phloem. (Levya et al., 1992). Groups of genes that are 
regulated by a common external factor generally share common cis-acting regulatory 
el ments that are responsible for the signal-dependent transcriptional regulation. A large 
number of cis-elements (response elements) ha e been implicated in specialized types of 
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signal-dependent transcriptional regulation. Light response elements (LRE), heat shock 
response elements (H E) growth hormone response elements, such as ABA response 
element and auxin response elements, are some examples of such cis-regulatory elements 
in plant genes. 
Typically, cis-elements are located within several hundred base pairs from the 
transcription initiation site but some elements can exert control o er distances as great as 
30 kbp (Mitchell and Tjian, 1989). Protein factors bound to cis-elements located in the 
proximal region, interact with the RNA polymerase complex directly or indirectly 
through protein bridges (Herendeen et al. 1990· Millier et al. 1989). Even if a cis-element 
is several hundred base pairs away physically it may be located close to the transcription 
initiation site due to the topology of the D A (Laybourn and Kadonaga, 1992). Cis-
elements located several kilo bases away from the transcription initiation site (long-range 
regulatory elements) are known to participate in transcription initiation by tracking of a 
protein along D A, or by association of two proteins bound at separate sites to form a 
D A loop in between or by interactions that are affected by the topology of D A (Wang 
and Giae er 1988 · Muller et al. 1989). 
The importance of a particular cis-element can vary greatly in different cell types or 
under different physiological conditions as the D A-binding factor or factors that 
recognize the element may ary in abundance or in the ability to function in different 
tissues or under different conditions. 0 erlapping binding sites for different factors can 
result in multiple factors competing for binding sites allowing regulation according to the 
abundance of a factor, or the binding affinity of a factor to the cis-element. Duplication of 
a regulatory sequence can increase the strength of an enhancer (Kay et al., 1987). AT- and 
G -rich stretches of D A. and direct or in erted repeat sequences have been shown to 
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have a high probability of interacting with protein factors regulating transcription. In all 
cases a specific protein factor interacts with the specific cis-element to cause regulation of 
transcription. As the same cis-elements are present in the D A of e ery cell, for 
differential regulation of transcription trans-acting proteins should only be a ailable, or 
active under the conditions, where the gene is to be transcribed. 
T ran -acting transcription factor 
D A-binding proteins play a central role in biology. Among other acti ities, they are 
responsible for replicating the genome, for transcribing active genes, and for repairing 
damaged DNA. One of the largest and most di erse classes of the D A-binding proteins 
are the transcription factors, that regulate transcription by binding to a specific D A 
sequence. 
Trans-acting protein factors that interact with cis-elements of promoters can be 
categorized into two classes according to their function in transcription. Protein factors 
that are necessary for basic transcription are called general transcription factors. 
Transcription factors TFIIA TFIIB, TFIID TFIIE TFIIF and TBP associated factors 
(T AFs) are examples of general transcription factors that are present in all cells of an 
organism. The other category of D A-binding proteins are present, or active, only in cells 
under a specific condition or in a specific location or time, and are strictly regulated. These 
proteins ha e the ability to recognize their specific target D A sequences and to interact 
with the RNA polymerase complex directly or indirectly, through protein-protein 
interactions with other transcription factors. For a repressor protein binding to a D A 
equence itself may be sufficient to exercise its function. Protein-D A interaction depends 
on the secondary and the tertiary configurations of the protein, which enable it to be 
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compatible with the D A surface it binds to. D A-binding activity is localized in the 
D A-binding domain of the protein, and transcriptional-acti ating functions are localized 
in the transcriptional acti ation domain of the protein. In several manunalian factors these 
domains consist of separate 30- to 100-amino acid sub-regions (Mitchell and Tjian, 1989). 
D A-binding domain of transcription factor 
In general, proteins bind to the B form of D A (for review see Glover, 1989· Pabo and 
auer, 1992). In many of the systems structural differences ha e been observed between 
the B form of D A and the D A in the complex and between the free protein and the 
bound state of the protein. Binding may induce a significant distortion such as bending or 
kinking in the D A (Pabo and auer, 1992) or folding in the protein (Travers 1989). The 
role of this conformational change may be to cause an 'induced fit' between the specific 
D A and the protein ( polar and Record 1994). Proteins interact primarily with the major 
and/or the minor groo e of the D A through hydrogen bonding, ionic interactions and 
hydrophobic interactions. Most commonly hydrogen bonds form between protein side 
chains or polypeptide backbone and D A bases mediated by water molecules. trength or 
energy of the interaction increase with the number of contact sites, and, therefore when 
protein dimers or trimers bind palindromic sequences of D A the interaction becomes 
more stable. 
tructural studies and sequence comparisons of many transcription factors show 
common types of motifs that are responsible for binding to D A (Pabo and uaer, 1992). 
Based upon these sequence motifs, D A-binding proteins ha e been classified into se eral 
classes. Large, well established classes include helix-turn-helix proteins, the 
homeodomains zinc finger proteins the steroid receptors, leucine zipper proteins and the 
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helix-loop-helix proteins (Glo er 1989). In addition there are other classes that are not yet 
well-characterized. The bZIP proteins and MAD proteins, which include se eral plant 
transcription factors (Kuhlemeier, 1992· Lohmer et al. 1991 · Oeda et al., 1991 · Coen and 
Meyerowitz 1991; Pnueli et al. 1991), fall into this category. 
Regulation of Tran cription 
Regulation of tran cription by alteration in D A-protein interaction 
One means of regulating transcription is through modulation of the binding ability 
between the cis-element and specific transcription factors. As the abundance of cis-
elements are more or less constant, the accessibility of the cis-element, affinity of the 
interacting site, and the a ailability of acti e transcription factors are more commonly 
subjected to regulation. 
A change in the a ailability or the abundance of a specific acti e transcription factor 
can be caused by altering the synthesis or degradation of the factor, or by modification of 
the already existing protein factor (Hunter and Karin, 1992; Datta and Cashmore, 1989). 
Alterations in the conformation of the DNA, such as bending, kinking, or unwinding 
(Perez-Martin and Espinosa, 1993; Gartenberg and Crothers 1988· Pabo and Sauer, 1992), 
can influence the accessibility to the binding site, or the binding affinity. This may 
facilitate or hinder the binding of the sequence-specific transcription factors to the cis-
elements during transcription. 
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Regulation of tran cription by alteration in protein-protein interaction 
Another means of regulating transcription is through acti ation or modification of the 
transcription factor. This can be caused by phosphorylation or specific protein-protein 
interactions of the transcription factor with other associated proteins and ultimately with 
the RNA polymerase II complex. Alterations in the accessibility of the activation domain 
(Jayaraman et al. 1994) or alterations in the affinity of the protein-protein interactions 
play a major role in changing the activation potential of the transcription factor in 
transcription. Howe er, although there are many examples of protein-protein interactions 
promoting or pre enting D A-binding by transcription factors, much less is known of 
mechanisms underlying this mechanism of transcription activation. This lack of 
information arises both because of the complexity of the transcription acti ation process 
and from the difficulties involved in reconstitution of transcription regulation using 
purified components with plant or mammalian systems. 
Comp le ity of DNA-protein interactions 
Binding of transcription factors to their specific cis-elements is complex. A single 
transcription factor may bind to one or more copies of a single cis-element, or multiple cis-
eleme,.., ts. Con ersely more than one factor usually belonging to the same family of 
transcription factors may bind to a single cis-element or to multiple cis-elements. 
The cis-element acti ation sequence-I (as-1 Lam et al . 1989), situated in the 
promoter region (-83 to -63) of the cauliflower mosaic irus 35 promoter, can bind to the 
nuclear factor A F-1 and also to the cloned transcription factor TGAla (Katagiri et al . 
1989). Two other cis-elements, octapine synthase (ocs) and nos-1 , from the promoter 
regions of Agrobacterium opine synthase genes can also interact with the same factors 
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(Fromm et al.. 1989; Lam et al., 1990). If multiple factors can bind to a specific cis-
element, and if these factors are present in the same cell competition between factors for 
binding may occur. Moreo er if a single factor can bind to multiple cis-elements. 
competition between cis-elements for binding to the factor may occur euhaus et al ., 
1994). In situations like these, mechanisms must exist to maintain the regulatory 
specificity required for the precise and coordinated regulation of transcription. The 
presence of multiple copies of a single cis-element or the relati e abundance of a specific 
factor or high binding affinity between the cis-element and the factor enhance the chance 
of finding its cognate factor. Co-operati e binding offactor(s) to cis-elements facilitates 
the binding of specific factors e en if other combinations are possible. 
Organ-preferential accumulation of mRNA 
Organ-preferential or specific accumulation of mRNA can be due to differential 
transcriptional and/or post-transcriptional (RNA processing transport, degradation) 
regulation. uclear run-on experiments using nuclear extracts of different organs can be 
used to determine whether differential accumulation of transcripts is due to regulation at 
the le el of transcription. Different approaches have been used for analysis of the promoter 
region for cis-elements associated with organ-preferential/specific transcription. Promoter 
deletion/reporter-gene fusion constructs in transient or in stable-transformation-expression 
studies can indicate the region of the promoter containing cis-elements important in driving 
organ-preferential transcription. Analysis of promoter regions for D A-protein 
interactions, using nuclear extracts of different organs can re eal location of cis-elements 
on D and the pattern of the interaction. Generally a correlation between the presence 
or the abundance of a D -protein complex, with the transcriptional activity of its target 
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gene may pro ide circumstantial e idence for its involvement in the regulation of 
transcription (For de, 1994 · Cushman and Bohnert 1992). A different pattern of protein-
D A interactions in different organs where transcription is differentially regulated may 
indicate specific cis-elements in ol ed in organ-preferential/specific transcription 
(Manzara et al. 1991 ). everal cis-elements responsible fo r organ-specific/preferential 
transcription have been identified by the presence of such correlation between the pattern 
of D A-protein interactions and differential transcription of the mRNA between two 
organs (Manzara et al., 1991; de Pater et al., 1993 · Meller et al. 1993). If low transcription 
is due to low abundance of the transcription factor injection of the cloned factor into the 
cells of the organ where transcription is limited may show increased transcription (Neuhaus 
et al. 1994) confirming that a particular facto r interacting with the specific cis-element is 
responsible for the organ-specific transcription. 
Method of Analy i 
Detection of D A-protein interaction 
Protein factors binding to particular cis-elements ha e been detected by gel mobility-
shift assays and D ase I footprint assays. In a gel mobility-shift assay a labeled D A 
fragment containing the specific cis-element is incubated with a nuclear protein extract and 
then analyzed on a non-denaturing gel. A protein-D A complex migrates slower than free 
D . The specificity of the interaction can be determined by adding excess unlabeled 
D A to the binding reaction. D A sequences related to the cis-element compete for 
binding and unrelated D A sequences do not. Most D A-protein interactions 
characterized in plants so far ha e been detected using gel mobility-shift assays (Allen et 
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al. 1989· Lam et al. 1990· Meakin and Gatehouse, 1991, o and Larkins. 1991, Granell et 
al. 1992· Ishiguro and akamura, 1992). 
It can be concluded from gel mobility-shift assays that a particular fragment ofD A 
contains cis-element(s) that interact with protein factor(s). All factors that bind D A are 
not in olved in regulation of transcription. Therefore in order to determine whether a 
D A-protein complex is in ol ed in regulation of transcription the transcriptional acti ity 
of the promoter with and without that particular cis-element could be in estigated. 
nalysi of tran criptional activity 
Transcriptional acti ity of a promoter can be in estigated by fusion to a reporter gene 
and by introducing the heterologous gene construct into the plant using a transient or stable 
transformation system. The transcriptional activity is measured by the activity of the 
product of the reporter gene. For this it must be assumed that the activity of the gene 
product is directly reflecting the transcriptional activity and hence is a measure of the 
transcriptional acti ity. For this assumption to be correct, post-transcriptional regulation 
should not occur. As a reporter gene, a ~-glucuronidase (GU ) coding sequence is widely 
used in plants (Jefferson et al. 1987). This gene is originally from bacteria, and the 
enzyme product is absent in plants. Moreover, the acti e enzyme can clea ea wide range 
of ~-glucuronides many of which are commercial! a ailable as spectrophotometric, 
fluorometric, and histochemical substrates. 
In estigation of the effect of a cis-element on transcription can be done b gain-of-
function or loss-of-function studies. e eral copies of the putati e cis-element (enhancer 
element as an e ample) are fused to the 5' end of a minimal promoter/reporter-gene fusion 
construct and compared with the minimal promoter acti ity (for increased transcriptional 
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activity) in gain-of-function studies. On the other hand, in loss-of-function studies the 
putati e cis-element is deleted, and the transcriptional acti ity is compared with the intact 
promoter. Changes in the transcriptional activity would disclose whether the cis-element is 
involved in transcriptional regulation and whether its effect is positi e or negative. If the 
exact protein-binding site is known alterations in the bases of the binding site could be 
done with point mutations instead of deleting the whole cis-element. This is ad antageous 
as promoters with different point mutations would show different levels of transcriptional 
acti ity and, therefore can be compared with the effect of mutations in D A-protein-
binding activity in gel mobility-shift assays. A correlation between the binding acti ity 
and the transcriptional activity provides circumstantial evidence for the invol ement of the 
DNA-protein complex in regulation of transcription. 
Goal of The tudy 
The primary goal of this study was to identify regions of the zrp2 (Zea mays root-
preferential gene 2) promoter that may be responsible for (or associated with) the root-
preferential transcription of this gene. Initially, gel mobility-shift assays were performed 
with D A fragments spanning the first kbp of the zrp2 promoter, proximal to the 
transcription start site, to in estigate whether there are any differences in D A-protein 
interactions between lea es and roots, that may be responsible for differential transcription 
between the two organs. Once a region of the promoter that showed differential binding 
was disco ered attempts were made to delimit the protein-binding site to a smaller region. 
To determine whether this region was in ol ed in transcriptional regulation the 
transcriptional activities of the intact I kbp promoter and the promoter with protein-
·-
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binding site deleted were compared using particle bombardment-mediated transient assa 
system. 
In general promoters capable of directing transcription in monocotyledonous plants 
are ery useful in genetic engineering of agronomically important cereals, as most plant 
promoters from dicotyledonous plants do not function as well in monocots (K ozuka et al., 
1993 ). The study of the cell or organ-specific transcription of plant genes in egetati e 
organs has numerous applications to agricultural biotechnology. For example plant 
promoters that direct ascular specific gene expression can be used to express products that 
protect against phloem or xylem-borne pathogens. A trichome-speci:fic promoter could be 
used to express no el anti-pest products in trichomes. Likewise a root-specific or 
preferential promoter could be used to express anti-pest products that protect against root-
borne pathogens. 
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CHAPTER 2: INTERACTIO BETWEE THE OCS-ELEtvffiNT OF THE 
OCTAPINE THA E GENE AND THE OCS-BINDING FACTOR IN 
MAIZE AS A MODEL SYSTEM FORD A-PROTE BINDING 
ALYSIS 
Introduction 
Interaction between an upstream sequence of the octapine synthase gene ( ocs-
element) and a protein factor from nuclear protein extract of a cell suspension culture in 
maize was chosen as a model system to in estigate prior to the analysis of D A-protein 
interactions of a promoter of a root-preferential gene zrp2, in maize. This system was 
chosen mainly due to the presence of the mRNA encoding the binding factor in young 
roots and leaves of maize ( ingh et al. 1990), which suggested the possibility of the 
presence of the binding factor in root and leaf nuclear protein extracts. Analysis of the 
binding acti ity of crude nuclear protein extract preparations of roots and leaves with the 
ocs-element showed the capability of protein factors in the nuclear protein extract 
preparations to bind to the specific D A sequence, allowing the use of the same nuclear 
protein extracts from roots and lea es for binding assays with the zrp2 promoter. 
The ocs-element is a transcriptional enhancer that has been shown to be a functional 
component of a number of genes that are acti e in plants (Bouchez et al. 1989). It was 
first characterized as a 16 bp palindromic sequence (ACGTAAGCGCTTACGT), situated 
in the upstream sequence of the octapine synthase gene (ocs) in Agrobacterium 
tumefacien T-D A (Ellis et al., 1987). The ocs-elements ha e also been found in other T-
D A encoded opine s nthase genes and in the promoters of three plant D A viruses, 
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including Cauliflower Mosaic Virus (Cai'vfV). Comparison of the sequences of the ocs-
element in these genes show a 20 bp consensus sequence which includes the 16 bp 
palindrome (Bouchez., 1989). During infection. the ocs gene is transferred and integrated 
into the genome of the plant cells with the T-D A of Agrobacterium. The ocs gene is not 
expressed in Agrobacterium, but is expressed in the infected plants (Otten et al., 1981 ). 
Although the infecti ity of Agrobacterium is generally limited to dicots the 
transcriptional enhancer of the ocs promoter functions in both dicots and monocots and 
does not require any factors supplied by other genes of the Agrobacterium (Ellis et al. 
1987). The 16 bp ocs-element, when inserted upstream of a reporter gene containing a 
truncated minimal promoter. enhances expression of the reporter gene in transient assays 
with protoplasts of tobacco and maize (Ellis et al., 1987). 
A protein that binds to the ocs-element has been identified in nuclear protein extracts 
from maize cell suspension cultures (Tokuhisa et al. 1990). Gel mobility-shift assays and 
D ase footprint analysis ha e shown formation of two D A-protein complexes. 
Interaction of the protein with both hal es of the palindrome results in a low mobility 
complex, while binding of the protein to one half of the palindrome results in a high 
mobility complex ( ingh et al., 1989· Tokuhisa et al., 1990). Binding of the protein to 
both hal es of the ocs-element is needed for transcriptional acti ation in vivo (Bouchez et 
al., 1989; ingb et al., 1989· T okuhisa et al., 1990). 
In this analysis crude nuclear protein e tracts from young roots and lea es of maize 
were used instead of cell suspension cultures in gel mobility-shift assays. Binding 
patterns of the nuclear factors in crude extracts were similar to those observed with nuclear 
pr tern e tracts of protoplast suspension cultures. These observations lead to the 
conclusion that the crude nuclear protein extracts used contain factors capable of binding 
specifically to their cognate cis-element, under the conditions used in these experiments. 
Material and Method 
Growth and harve t of eedling 
Maize (Zea mays L. c NKH3 l) seeds were surface sterilized in a 50% commercial 
bleach solution for ten minutes rinsed three times with water and imbibed for one hour. 
Approximately 50 seeds were placed on germination paper, which was then rolled and 
placed vertically in a polyethylene container containing 5 to 8 cm of water. eedlings were 
grown at 30°C under a 12 h light/12 h dark cycle in a growth chamber. 
Roots from three-day-old seedlings and leaves from five-day-old seedling ·ere 
harvested for nuclear protein isolation. eedlings were placed on ice cold glass plates and 
roots were excised with a razor blade. Primary lea es were harvested by gradually pulling 
the leaf from the sheath. All plant materials were immediately chilled on ice after harvest. 
I olation of nuclei 
Isolation of nuclei was carried out as in the method of Held (1993). Five grams of 
fresh roots or lea es were used per isolation of nuclei. All reagents were pre-cooled to 4°C 
and all steps were carried out at 4°C. Roots or lea es were immersed in ether for four or 
three minutes respecti el . The ether was drained off and 5 ml of extraction buffer 
containing 2.5% ficoll 400, 4.0% dextran T40 250 mM sucrose, 25 nu\.1 Tris-HCl pH 7.8, 
l 0 mM Mg 12 and 4 mM phenylmethanesulfonyl fluoride (PM F) was added to the 
mortar. Plant materials were thoroughly ground and the homogenate was filtered through 
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two layers of nylon meshes of 60 mm and 140 mm. The mortar and the meshes were 
rinsed with another 10 ml of extraction buffer. To the filtrate 500 ml of20% Triton-X-100 
was added and mixed, followed by centrifugation for 3 to 4 min at 3000 rpm in an HB-4 
rotor. The supernatant was decanted, and the pellet was resuspended in 10 ml of wash 
buffer (extraction buffer + 0.1 % Triton-X-100 oU ol) and centrifuged again at 2000 rpm 
for 2 to 3 minutes. The pellet was resuspended in 300 ml of nuclear suspension buffer 
containing 15 mM Hepes pH 7.8 100 mM KCI, 5 mM MgC12, and 5 mM 2-
mercaptoethanol. mall aliquots were stained with methyl green and iewed under a light 
m.tcroscope. 
Preparation of crude nuclear protein extract 
uclear protein extracts were prepared by modification of the method described by 
Parker and Topal (1984) and Tokuhisa et al., (1990). Approximately equal numbers of 
nuclei from nuclear preparations of lea es and roots were used as determined by the 
number of nuclei per iewing area, under 500X magnification. Final volume of the nuclei 
preparations was adjusted to 8 ml with the nuclear suspension buffer and was transferred to 
polycarbonate ultracentrifuge tubes. uclei were lysed by adding 1 ml of 3.3 M 
(NH4) 2 0 / 0.05 M Tris, pH 7.8 to adjust the ammonium sulfate concentration to 380 mM, 
and by gentl rocking for 3 0 min at 4°C. The lysate was clarified by centrifugation at 
55,000 rpm for 60 min in a Beckman 70.1 Ti fixed-angle rotor. The clear supernatant was 
transferred to another polycarbonate ultracentrifuge tube and the proteins were precipitated 
by adding 0.25 g ammonium sulfate per ml of the supernatant. After mixing 30 min at 4°C, 
the supernatant was centrifuged for 15 min at 55,000 rpm in Beckman 70. l Ti rotor. The 
upernatant was discarded and the pellet was resuspended in a 1 ml of nuclear binding 
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buffer containing 10% glyceroL 25 mM Hepes pH 7.8, 50 ntlvf KCL 1 rru f EDTA and 50 
mM 2-mercaptoethanol. The protein preparation was subsequently dialysed against two 
changes of 1.5 L nuclear binding buffer for 4 h. The dialyzed protein was subjected to 
centrifugation at 10 000 rpm for 15 min. mall aliquots of the extract were frozen in liqwd 
nitrogen and stored at -8ooc . 
Determination of the concentration of protein 
The protein concentration of the crude nuclear protein extract was determined according 
to the method of Bradford (1976), using bo ine serum albumin (B A) as a standard. 
uclear protein concentrations ranged from 2 to 3 .5 mg/ml. 
Preparation of the probe and the competitor D A 
Clonin~ of the oligomer containing the ocs-element Manipulation ofD A was 
done essentially as described by ambrook et al. (1989). Two single-stranded D A 
oligomers (36 nucleotides in length and complimentary to each other), containing the ocs-
element of the octapine synthase gene promoter were synthesized at the I U ucleic Acids 
Facility. Restriction sites EcoRI and Hind.III were included at the ends hence when the 
two strands were annealed it would leave intact o erhangs of the restriction sites to 
facilitate direct cloning into pBluescript. col site was included next to the ocs-element 
to use as a unique restriction site to screen for transformants (Fig. 2.1). Ten micrograms 
each of the oligomers were annealed b heating at 90°C for 15 min and cooling slowl to 
room temperature. The resultant double-stranded oligomer was subsequently cloned 
directly in to Hindlll and E oRI-digested pBluescript K to construct pOC (36), and the 
transforrnants \: ere selected for the presence of col site. 
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EcoRJ Ncol 
5' AATTCTGACGTAAGCGCTTACGTCACCATGGAA 3' 
3' GACTGCATTCGCGMTGCAGTGGTACCTTCGA 5' 
ocs-element HindIII 
Figure 2.1 equence of the annealed oligomers containing the ocs-element. The sequence 
of the ocs-element is underlined and restriction sites are indicated. 
Preparation of the probe and the specific competitor D A The plasmid pOC (36) 
in pBluescript was double digested with BamHI and Xhol to obtain a 75 bp D A fragment 
containing the oc -element to use both as the probe and as the specific competitor D A. 
The digestion reaction was end-labeled b the Klenow fragment of the D A polymerase I, 
using 32P-labeled dCTP to produce the labeled probe. Total incorporation of radioactivity 
was determined b liquid scintillation spectrometry. 
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Preparation of a non-specific competitor D A A non-specific competitor D A of 
74 bp was obtained by the restriction digestion of pBluescript K with Kpnl and Xbal. 
This fragment included most of the pBluescipt multiple-cloning site. 
Purification of D 
Probe, specific competitor D A and non-specific competitor D A fragments were 
gel-purified by electrophoresis in 12% non-denaturing polyacrylam.ide gels (29:1 
acrylamide to bis-acrylam.ide), with TBE (Tris-borate-EDT A) buffer at 80 volts for one 
hour. Fragments of the gel containing D A were excised using an autoradiogram of the 
gel as the template. Polyacrylamide gel pieces containing the probe specific competitor 
D A, or non-specific competitor D A were placed in 50-100 ml of nuclear binding buffer 
o ernight, at 3 7°C to facilitate diffusion of the D A into the buffer. 
Gel mobility- hift a ay 
Gel mobility-shift assays were performed as in ingh et al. (1989). Binding reactions 
contained 104 cpm of end-labeled probe, 1.0 µg of poly(dI-dC).poly(dl-dC) 4 µg of 
nuclear protein extract in nuclear binding buffer. Total olume of a reaction mixture was 
20 ml. Reactions were begun b the addition of labeled probe to the reaction mixture 
containing poly(dI-dC).poly(dI-dC) and nuclear protein extract. After mixing, reactions 
were incubated for 30 min at 30°C. 
In competition assays non-labeled probe was added to the reaction mixture and 
incubated at 30°C for 20 min, prior to the addition of labeled probe. 
fter incubation, reaction mixtures were electrophoresed in 4 to 7% non-denaturing 
polyacrylam.ide gels (80:1 acrylamide to bis-acrylamide) according to the size of the probe. 
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Gels were run at 70 olts for 1-l Y2 hours (1 OV/cm) at room temperature using 200 mM 
Tris, 220 mM Borate and 5 mM a2EDTA (pH 8.3) as the running buffer. Following 
electrophoresis, gels were transferred onto 3M paper and dried at gooc for I hr. 
utoradiography was performed at -80°C with a single intensifying screen. 
Re ult 
Interactions between the ocs-element and protein factors in crude nuclear protein 
extracts of 3-d-old roots and 5-d-old leaves of maize were analysed by gel-shift assays. 
Binding reactions contained duplex poly(dI-dC).poly(dI-dC) to decrease non-specific 
interactions between DNA and proteins. Two D A-protein complexes of slightly different 
mobility were observed with both root and leaf nuclear protein extracts (Fig. 2.2 lanes 2 
and 3). The mobility of the complexes formed with both root and leaf nuclear protein 
e tracts were similar. 
To determine whether these D A-protein interactions were specific, gel-shift assays, 
were performed with the ocs-element in the presence of specific and non-specific 
competitor D Figure 2.3 shows results of the competition assays with leaf nuclear 
protein extracts. non-labeled 75 bp D A fragment containing the ocs-element was used 
as the specific competitor. As non-specific D A, a non-labeled 74 bp D A fragment from 
pBluescript multiple-cloning site (KpnI - XbaI) was used. Molar ratios of 1: I 0 and l :20 
probe to specific competitor D A (lanes 3 and 4) and molar ratios of l :20 probe to non-
pecific competitor D A (lane 5), \: ere used to compete with the probe in competition 
a says. Lane 3 exhibited a drastic decrease in the formation of complexes in the presence 
of increasing specific competitor amount in the reaction mixture. D A-protein complexes 
complex 2 -> 
complex 1 -> 
probe -> 
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Nuclear Protein 
+L +R 
Figure 2.2 Gel-shift analysis of labeled ocs-element with nuclear protein extracts from 
lea es and roots. The end-labeled 75 bp D A fragment containing the ocs-element 
(10,000 cpm), was incubated with(+) or without(-) 9 µg of nuclear protein extracts from 
5-d-old lea es (+L) or 4 µg of nuclear protein extract from 3-d-old roots (+R), in the 
presence of 1 µg of double stranded poly(dl-dC).poly(dI-dC). The two DNA-protein 
compie es formed are indicated. 
non-specific DNA 
specific DNA 
leaf protein 
labeled DNA 
comp lex 2 -> 
complex 1 -> 
probe -> 
-
+ 
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20x 
10x 20x 
+ + + + 
+ + + + 
Figure 2.3 ompetition assay using the DNA fragment containing the ocs-element with 
leaf nuclear protein extract. Gel-shift assays were performed with either free probe alone 
(lane 1) with no competitor D A (lane 2), with 1 Ox and 20x molar excess of non-labeled 
sp cific competitor D A (lanes 3 and 4) and with 20x molar excess of non-specific 
competitor D (lane 5). After electrophoresis, the dried gel was subjected to 
autoradiography for 17 h at -sooc. 
25 
were fully competed away by a 1:20 molar ratio of the specific competitor D A (1ane 4). 
Howe er, a l :20 molar ratio of non-specific competitor D A was not able to compete 
with the probe for binding with protein (lane 5). Failure to abolish or alter binding activity 
in the presence of molar excess quantities of non-specific competitor D A shows that the 
interactions between the ocs-element and the protein are specific. 
Discu sion 
Crude nuclear protein extracts from 3-d-old roots and 5-d-old lea es of maize 
contained a binding activity that shifted the mobility of the 32p labeled D A probe 
containing the ocs-element. These gel mobility-shifts were similar to the data shown by 
Tokuhisa et al. (1990), with the nuclear fraction of maize cell suspension cultures. 
imilarly, an excess of non-labeled D A fragments containing the ocs-element in binding 
reactions were able to compete with 32p labeled probe for binding (fig. 2.3, lanes 3 and 4). 
An excess of non-labeled non-specific D A fragments were not able to compete with 32p 
labeled probe (fig. 2.2 lane 5), indicating the specificity of the ocs-element-protein 
interaction. 
These results demonstrate that the crude nuclear protein preparations of roots and 
leaves contain protein factors capable of binding specificall to the ocs-element under 
conditions the experiments were carried out. This does not mean that these nuclear 
extracts will necessaril contain factors that interact with D A sequences of the maize 
zrp2 promoter. Howe er, these results clearly demonstrate that root and leaf nuclear 
e tracts prepared as described abo e, contain functional nuclear factors, fully capable of 
specifically interacting with cognate D A sequences. 
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CHAPTER3: ALY I OFTHED A-PROTEININTERACTIO 
THE PROXIMAL REGIO OF THE ZRP2 PROMOTER 
Introduction 
ZRP2 (Zea Root ~referential) rnRNA in maize has been found to be preferential! 
accumulated in roots (and stems) compared to the lea es ears, silks and tassels (John 
1991 ; Held, 1993 ). The zrp2 cD A clone was isolated by differential screening of a 
cD A library constructed from poly (A)+ RNA isolated from 9-d-old maize roots (John et 
al., 1992). The isolation and characterization of the near-full length cD A clone and the 
genomic clone has been described in John (1991) and Held (1993) respecti ely. Analysis 
of mRNA distribution along the root has shown that it is undetectable in the first 
centimeter of the root containing the root tip, and is uniformly distributed at high levels 
along the rest of the root (Held, 1993). Cellular localization by in-situ hybridization 
studies has re ealed that the ZRP2 m.RNA is localized predominantly in the cortex of the 
root ( Held et al., 1993). Comparison of the zrp2 nucleotide sequence with nucleotide 
sequences present in GenBank has shown no overall similarity. Howe er a stretch of 157 
nucleotides between -209 and -366 in the promoter show 73% identity with the nucleotides 
of an intron sequence of a root-preferentially expressed a-tubulin from maize (Held 1993). 
rgan-preferential or specific accumulation of mRNA can be due to differential 
transcriptional and/or post-transcriptional A processing, transport degradation) 
regulation. uclear run-on experiments using nuclear extracts of different organs can be 
used to determine whether differential accumulation of transcripts is due to regulation at 
transcription. uclear run-on assays ha e shown dramatically higher levels of ZRP2 
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transcription in the nuclei isolated from young roots, compared to young lea es (Held, 
1993). This result indicates that the ZRP2 mRNA le els are regulated primarily at the 
transcriptional le el. 
Different approaches ha e been used for analysis of the promoter region for cis-
elements associated with organ-preferential/specific transcription. Promoter 
deletion/reporter-gene fusion constructs in transient or in stable-transformant expression 
studies can indicate the region of the promoter containing cis-elements important in 
modulating organ-preferential transcription. Analysis of promoter regions for D A-
protein interactions, using nuclear extracts of different organs can re eal location of cis-
elements on D A, and the pattern of the interaction. A correlation between the presence of 
a D A-protein complex or the abundance of a binding protein, with the transcriptional 
acti ity of its target gene may pro ide circumstantial evidence for its in ol ement in the 
regulation of transcription (Forde 1994· Cushman and Bohnert 1992). A different pattern 
of protein-D A interactions in different organs where transcription is differentially 
regulated may indicate specific cis-elements in ol ed in organ-preferential/specific 
transcription (Manzara et al. 1991 ). e eral cis-elements responsible for organ-
specific/preferential transcription ha e been identified by the presence of such a correlation 
between the pattern of D A-protein interactions and the differential transcription of the 
mRNA between two organs (Manzara et al., 1991 · de Pater et al. 1993; Meller et al. 
1993). 
In the present study I kbp of the promoter region, upstream of the transcription start 
ite was analyzed for D -protein interactions by gel-shift assays, to determine whether 
the differential transcriptional acti ity in roots and lea es correlates with organ-specific 
differences in D A-protein interactions. The first kbp was chosen because most of the 
28 
reported cis-elements that are responsible for organ or root-specific transcription are 
located within this region. In the case of the tobacco root-specific gene TobRB- sequences 
up to 636 base pairs upstream from the transcription initiation site were sufficient to direct 
root-specific expression of the reporter gene ~-Glucuronidase (GU ) in transgenic 
tobacco. A negati e regulatory element was also located between 813 and 636 bp 
upstream of the transcription start site (Yamamoto et al. 1991). In maize Adh2 gene an 
element located at 160 base pairs 5' to the transcription initiation site acts as an acti ator in 
the meristem and vascular tissue of roots and in the vascular tissue of stems and lea es 
(Paul and Ferl 1994). In the tomato anionic-peroxidase (tapl) promoter the region up to -
202 bp from the transcription start site contains cis-elements necessary for 
de elopmentally-regulated tissue-specific expression of GU reporter-gene (Mohan et al. 
1993). In general D A sequences 5' proximal to the transcription start site of different 
rbc genes are sufficient to direct organ-specific expression of reporter genes in transgenic 
plants (for re iew, see Dean et al. 1989). In addition the 1 kbp zrp2 promoter has been 
shown to be capable of directing transcription in maize roots (Held, 1993). 
zrp2 promoter fragment containing D A sequences from -472 to -180 from the 
transcription start site interacted differentially with nuclear protein extracts from roots and 
lea es. Further anal ses were carried out in an attempt to delimit and differentiate the 
binding sites corresponding to these D A-protein complexes. 
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Material and Method 
rowth and harve t of eedling 
Growth of seedlings and harvest of root and leaf material is described in chapter 2. To 
prepare nuclear extracts of leaf base and leaf blade, lea es were excised approximately at 
one centimeter from the base, for separation into blade and base segments. 
I olation of nuclei and nuclear protein extract preparation 
Isolation of nuclei preparation of crude nuclear extracts and determination of the 
concentration of the protein is as described in chapter 2. 
Preparation of the probe and the competitor D A 
Sub-cloning of the first kbp of the zro2 promoter Manipulation of D A was done 
essentially as described by am brook et al ( 1989). The first kbp of the zrp2 promoter has 
been cloned and sequenced (Held 1993). This D A fragment was cloned into EcoRV and 
phl sites of pGem 1.0 (modified pGem -3z) resulting in pZ2E (Fig. 3.1 ). The plasmid 
pGem 1.0 was constructed by cloning a custom polylinker into BamHI and Hindlll sites of 
the pGem -3z (Held 1993). 
The plasmid pZ2E was digested with all to excise a D A fragment of 796 bp at the 
extreme 5' end up to the all site situated at -180 bp. Religation of the resultant plasmid 
yielded pZ2(205) containing the most 3' region of the one kbp promoter from -180/ all 
to +25/ phl (Fig. 3.2 ). 
Digestion of pZ_E with sil produced two D A fragments of 270 bp and 240 bp. 
R ligation of the resultant plasmid yielded pZ2( 497) containing D A sequences from 
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Sall /-180 
PZ2ES in pGem 1.0 
3.75 kb 
Nsil /-472 
Figure 3.1 The plasmid pZ2E in pGem 1.0. The plasmid pGem 1.0 was constructed by 
cloning a custom polylin.ker (Held 1993) into the polylinker ofpGem -3z. The TATA 
box transcription start site ( + 1 ), and restriction sites used for dividing the 1 kbp zrp2 
promoter are indicated. 
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-472 to +25 (Fig. 3.2B). The excised 270 bp D A fragment contained sequences from -
742 to -472 and the 240 bp D A fragment contained sequences from the most 5' end of 
the 1 kbp promoter to -742. These D A fragments were cloned into pGem 1.0, linearized 
with sil, to produce pZ2(270) and pZ2(240) respecti ely (Fig. 3.2C and 3.2D). 
DNA fragments spanning the junctions The plasmid pZ2E was digested with 
EcoRV and phl to excise the entire 1 kbp promoter, which was gel-purified. Digestion of 
this D A segment with Hin:fl generated a 258 bp fragment (-938 to -680) spanning the -
472 sil site, a 266 bp fragment (-645 to -379) spanning the -472 sil site and a 122 bp 
fragment (-257 to -135) spanning the -180/ all site among others. Digestion of 
pZ2.lEATG in pBluescript K (Fig. 3.3), which contains the zrp2 sequence up to +50 
(Held, 1993), with all and Xhol generated a 230 bp fragment spanning the +25/ phl site. 
Sub-di ision of the -472 sil to -180/Sall D A fragment The plasmid pZ2(497) 
was double-digested with Xbal/Nhel and Xbal!faql separately, to generate three smaller 
fragments spanning the entire length of the sil- all D A fragment. Digestion with Xbal 
and Nhel yielded a 97 bp Xbal to -379/Nhel fragment. Digestion with Nhel and Taql 
ielded a 121 bp -379 hel to -258/Taql and a 78 bp -258/Taql to -180/Taql fragment 
(Fig. 3.4). These fragments were separated b electrophoresis on 4% u ie e-agarose gels 
and were purified b using Gene Clean(Gene Clean II- BiolOl). 
Deletion of protein-binding region and cloning The pZ2( 497) was digested with 
sil and all toe cise a 292 bp fragment from -472 sil to -180/ all. Both the fragment 
and the ector containing -180/ all to + 25/ phl region were gel purified by Gene Clean. 
NIU 
Xbal 
Hlndlll 
Sall kl lO 
pZ2(205)SS 
2.96 kb 
Sphl 1.25 
Nsll 742 Nsll.Mn 
pZ2(270)NN 
3.0 kb 
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B 
D 
Sall J.180 
pZ2(497}NS 
3.2 kb 
Ec;oAV ·976 
pZ2(240)NN 
3.0 kb 
igure 3.2 The plasmids containing 200 - 300 bp D A fragments spanning the entire 1 
kbp zrp2 promoter. . The plasmid pZ2(205) in pGem 1.0. The TATA box, 
transcription start site ( + 1) and restriction sites used for dividing the 1 kbp zrp2 promoter 
are indicated. B. The plasmid pZ2(497) in pGem 1.0. The TATA box, transcription 
start site(+ 1), and restriction sites used for dividing the 1 kbp zrp2 promoter are indicated . 
. The plasmid pZ2(270) in pGem 1.0. D. The plasmid pZ2(240) in pGem 1.0 
-976/ EcoRV 
Xbal 
Sacl 
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Nsil/-472 
pZ2.1EATG 
3.9 kb 
Kpnl 
Figure 3.3 The plasmid pZ2. l EATG in pBluescript SK. The TATA box transcnpt10n 
start site c-1...1) and restriction sites used for dividing the 1 kbp zrp2 promoter are indicated. 
Eco AV 
-976 
Nsil 
-742 
Nsil 
-472 
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Sall 
-180 
Sphl 
+25 
Nt r-l -----;--------1--------+---.-+---1; I 
TATA 
~ 248 bp ---4--- 278 bp ---'--- 293 bp ___ ......__ 207 bp ~ size of 
the probe 
~ 97bp 
Nhel 
-379 
-366 
121 bp ---'--
-209 
78 bp ~ 
I 
'.:61 ~ 
rzlzzzzzzzzzz 
~ 48 bp 73 bp --1 size of 
the probe 
size of 
the probe 
Figure 3.4 Division of the 1 kbp zrp2 promoter to delimit the region containing protein-
binding sites. 
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The -472 sil to -180/ all fragment was digested again with Taql, which generated three 
D A fragments of 82 bp -472 sil to -394/Taql, of 136 bp -394/Taql to -258/Taql and of 
78 bp -258/Taql to -180/ all. The 82 bp :fragment, the 78 bp fragment and the vector 
containing -180/ all to +25/ phi were religated to form pZ2(497-136) in pGeml .0. 
Sub-division of the -379/Nhel to -258/Taql D A fragment The D A :fragment of -
379 to -258 was further divided into two b restriction digestion of the plasmid pZ2E 
with Hinfl and Nhel which generated a 48 bp -379/Nhel to -330/Hinfl :fragment and a 73 
bp -330/Hinfl to -257/Hinfl :fragment among other fragments (Fig. 3.4). These were 
isolated following end-labeling and electrophoresis on 12% non-denaturing 
polyacrylamide gels. 
Cloning of the oligonucleotides spanning the -330 to -257 region Two 
oligonucleotides of 48 bp and 46 bp, containing 38 bp and a 36 bp of promoter sequence 
spanning the entire -330 to -257 (73 bp) region of the zrp2 promoter were synthesized at 
the I U ucleic Acids Facility. They were synthesized as single-stranded 
oligonucleotides. Ten to twenty fi e micrograms of each were annealed by heating to 90°C 
for 10 min followed by slow cooling to room temperature. Nhel sites were included in 
both oligonucleotides to use as a unique restriction site to screen for transformants. The 
oligonucleotide of 48 bp was synthesized with BamHI and all sites at the ends (Fig. 3 .5) 
and the 46 bp oligonucleotide was synthesized with BamHI and Xbal sites at the ends (Fig. 
3.5). These restriction sites were included in such a way that when the two strands are 
annealed, it would lea e intact o erhangs of restriction sites to facilitate direct cloning into 
B 
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Barn HI 
5' GATCCGCTAGCTAAATTATTTTTAATTTAAAAATAAATAAAAATATAG 3' 
GCGATCGATTTAATAAAAATTAAATTTTTATTTATTTTTATATCAGCT 
Nhel Sall 
BamHI 
5' GATCCGCTAGCATGAATCAAAGTTTTTTTCATAAATTATTAAGGCT 
GCGATCGTACTTAGTTTCAAAAAAAGTATTTAATAATTCCGAGATC 
NheI Xbal 
3' 
Figure 3.5 equence of the annealed s nthetic oligonucleotides, 48 bp and B 46 bp 
oligonucleotides containing 38 bp and 36 bp of the zrp2 promoter sequence spanning the 
region of -330 to -257. Restriction sites at the ends and the unique restriction site included 
in the oligomer are indicated. The promoter sequences are shown in bold. 
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pBluescript. Annealed oligonucleotides were cloned into pBluescript K double-digested 
with BamID/Sall and BamHI/Xbal to generate pZ2(48)B and pZ2(46)BX respecti ely. 
Oligonucleotides 40 bases in len~ containing the sequences at -315 to -287 
spanning the junction between the 46 bp and the 48 bp D A fragments were synthesized at 
the I U ucleic Acids Facility. They were synthesized as two single-stranded 
oligonucleotides, containing the Nhel site as a unique restriction site and restriction sites 
BamHI and all at the ends. ingle-stranded oligonucleotides were annealed following the 
same method mentioned above (Fig. 3.6). 
Preparation of the probe and the specific competitor D A Plasmids containing the 
specific zrp2 promoter sequences were double-digested with restriction enzymes that leave 
5' o erhangs at the ends, to use both as probes and as specific competitor DNA. The 
plasmid pZ2(205) (Fig. 3 .2A) was digested with BamHI and Sall to generate a 207 bp 
fragment containing sequences from -180 to + 25. Plasmids pZ2( 497) , pZ2(270) 
and pZ2(240) were digested with Xbal and all to generate promoter fragments of 293 
bp, 278 bp and 248 bp respecti ely. 
The plasmid pZ2E (Fig. 3.28) was digested with EcoRV and phl to excise the 
entire 1 kbp promoter which was gel-purified. Digestion of this D A segment with Hinfl 
and Nhel generated 258 bp 266 bp, and 122 bp D A fr~oments spanning the junctions of 
the first di isions of the zrp2 promoter. Digestion of pZ2. lEATG in pBluescript K with 
all and Xhol generated a 230 bp fragment spanning the phl (+25) site. 
The plasmid pZ2( 497) was digested with Xbal and Nhel to generate a 97 bp D A 
fragment, and with Xbal and Taql to generate 121 bp and 78 bp D A fragments to span 
the entire length from -4 72 to -180 of the zrp2 promoter. 
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BamHI Nhel 
5' GATCCATAAATTATTAAGGCTCTAAATTATTTTGCTAGCG 3' 
GTATTTAATAATTCCGAGATTTAATAAAACGATCGCAGCT 
Sall 
Figure 3.6 equence of the annealed 40 bp synthetic oligonucleotide containing -315 to -
287 of the zrp2 promoter. Restriction sites at the ends and the unique restriction site 
included in the oligomer are indicated. The promoter sequences are shown in bold. 
The plasmid pZ2(497-136) containing a mutated promoter fragment was digested 
with XbaI and all to generate a 160 bp D A fragment with a deleted protein-binding 
region. 
The plasmid pZ2E was first digested with EcoRV and phl to excise the entire 1 kbp 
promoter. This promoter fragment was digested again with Hinfl and NheI to generate 48 
bp and 73 bp D fragments spanning the length of -379 to -258, among other fragments. 
The plasmid pZ2( 48)B was digested with BamHI and all, and the plasmid 
pZ2( 46)BX was digested with BamHI and XbaI to generate D A fragments of 48 bp and 
46 bp respecti ely. 
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To obtain labeled probes, entire digestion reactions were end-labeled with the Klenow 
fragment of the D A polymerase I, as described (Ausubel et al ., 1994), using 32P-labeled 
dCTP or dA TP depending on the nucleotides in the 5' overhang. For a l 00 µl restriction 
digest reaction containing 10 µg of D A 4 µl of 5 rnM dNTP mix (without the nucleotide 
of the label), I µl of the Klenow fragment ( 5,000 units/ml) and 100 µCi of the labeled 
nucleotide were added. After incubation for 20 min at room temperature, 4 µl of non-
radioactive 5 mM nucleotide was added and incubated for 5 min at room temperature. The 
labeled DNA was precipitated by adding a half-volume of 7.5 M ammonium hydroxide 
and two volumes of 100% ethanol followed by incubation at -20°C overnight. After gel-
purification, the total incorporation of radioactivity was determined by liquid scintillation 
spectrometry. 
Preparation of a non-specific competitor D A A non-specific competitor D A was 
prepared by digestion of the plasmid pBluescript K with appropriate restriction enzymes 
to generate D A fragments containing sequences of the multiple-cloning site, in 
approximately the same length as the labeled probe. A non-specific competitor D A of 
292 bp was obtained by the restriction digestion of pBluescript K with PvuII and Xbal. 
This fragment included most of the pBluescript multiple-cloning site. 
Purification of D A 
Probe, specific competitor D A and non-specific competitor D A fragments were 
gel-purified by electrophoresis in 12% non-denaturing polyacrylamide (29: 1 acrylamide to 
bis-acrylamide) gels, or on 4% u ie e-agarose gels. Polyacrylarnide gels were 
electrophoresed in TBE (Tris-borate-EDT A) buffer at 80 volts for 1-1 !h hours. Gel pieces 
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containing D A were excised using an autoradiogram of the gel, as the template. 
Polyacrylamide gel pieces containing the probe, specific competitor D A or non-specific 
competitor D A, were placed in 50-100 µl of nuclear binding buffer (see materials and 
methods Chapter 2) overnight at 37°C to facilitate diffusion of the D A into the buffer. 
uSie e-agarose gels were electrophoresed at 80 volts in T AE (Tris-Acetate-EDT A) 
buffer for an appropriate duration depending on the size of the D A fragment. Gels were 
stained in ethidium bromide, and pieces of the gel containing D A fragments were excised 
using a UV light-emitting transilluminator. D A was extracted from the pieces of gel by 
using Gene Clean, and finally dissolved in nuclear binding buffer. Concentration ofD A 
was quantified by comparison to standards on ethidium bromide-stained agarose gels. 
Gel mobility- hift assay 
Gel mobility-shift assays were performed as in ingh et al. (1989), according to Gamer 
& Re zin (1981) and Fried & Crothers (1981 ). Binding reactions contained 104 cpm of 
end-labeled probe 1.0 µg of poly(dI-dC).poly(d.I-dC), 2 µg of crude nuclear protein extract 
in nuclear binding buffer. Total olume of a reaction mixture was 20 µl. Reactions were 
begun by the addition of labeled probe to the reaction mixture containing poly( d.I-
dC). poly( d.I-dC) and nuclear protein extract. After mixing reactions were incubated for 30 
min at 3ooc. 
In competition assays competitor D A was added to the reaction mixture and 
incubated at 30°C for 20 min, prior to the addition of labeled probe. Molar ratios from I: 1 
to 1 :200 of the probe to specific competitor (non-labeled probe) or non-specific competitor 
D were added in competition assays. 
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After incubation, reaction mixtures were eletrophoresed in 4-7% non-denaturing 
polyacrylamide gels (80:1 acrylamide to bis-acrylamide) according to the size of the probe. 
Electrophoresis was done at 70 olts for 1-1 !h hours ( 1 OV /cm) at room temperature using 
200 mM Tris 220 mM Borate and 5 mM a2EDTA (pH 8.3) as the electrophoresis buffer. 
Following electrophoresis, gels were transferred onto 3M paper and dried at 8ooc for 1 hr. 
Autoradiography was performed at -80°C with a single intensifying screen, or at room 
temperature overnight without an intensifying screen. 
Results 
The nucleotide sequence of approximately one kbp of the putati e promoter region 
upstream of the transcription start site of the zrp2 gene, has been determined (Held, 1993). 
In order to investigate the interaction of nuclear proteins with regulatory elements that may 
be responsible for the root-preferential transcription, the z1p2 promoter was subjected to 
electrophoretic mobility-shift assays. The first kbp of the promoter from the transcription 
tart site was subcloned into four fragments of 200 - 300 bp in length to use as probes in 
gel-shift assays (Fig. 3.7 A). Crude nuclear protein extracts of 5-d-old leaves and 3-d-old 
roots were used for interaction with possible binding factors, as root-preferential 
transcription pre iously had been observed in the seedling of the same de elopmental 
stages (Held, 1993). 11 binding reactions contained duplex poly(dI-dC).poly(dI-dC) as a 
competitor for non-specific D A-protein interactions. 
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D -protein interaction of the D fragment panning the 1 kbp promoter 
The promoter region most proximal to the coding region. (-180/ all to + 25/ phI) 
containing the TATA box and the transcription start site (-180/ all to +25/ phI) showed 
one D A-protein complex with both root and leaf nuclear protein extract that was barel 
detectable (data not shown). Repetition of the experiment with arying experimental 
conditions using several concentrations of the probe, protein extract poly(dl-dC).pol (dl-
dC) and polyacrylamide did not improve the le el of detection. 
D A-protein interactions were clearly observed with the promoter fragment from -
472 sil to -180/ all in gel-shift assays (Fig. 3.7B). different binding pattern between 
leaf and root nuclear protein extracts was detected due to the differential mobility of 
D A-protein complexes, as a result of the different molecular weights of the proteins 
m ol ed in the complexes. The D A-protein complexes were numbered according to the 
mobility of the complex. The Z2BP1 (~rp£-hinding-protein l) appears to be abundant with 
the nuclear protein extracts from both leaves and roots while the Z2BP3 appears to be 
more abundant with the nuclear extract from lea es. The Z2BP2 complex is formed almost 
exclusi ely with the nuclear protein extracts from roots. The abundance of the complexes 
proximity of the binding region to the transcription start site and differential binding 
pattern with nuclear protein extracts from roots and lea es suggested that this region may 
play a role in controlling transcription in a root-preferentiai manner. Gel-shift assays 
performed with the promoter regions -742 siI to -472 siI and the most 5' end of the 
promoter to -742 sil (Fig. 3.7 A) showed no interactions with protein extracts under the 
ame e perimental conditions (data not shown). 
To determine whether the factor/sin ol ed in the formation of complexes consisted of 
proteins, gel-shift assa s were performed with boiled nuclear protein extracts (data not 
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~~ ~ ~ ~ 
·976 742 -472 - 180 +25 
Nt r--I --t---t--1 ---1-l----.,...--:.,11 +.,..:........i,1 I 
TATA 
r-- 24a bp - --t-- 278 bp - +-- 293bp I siZe of --+- 207 bp I the probe 
B 
Z2BP3 -> 
Z2BP2 -> 
Z2BP1 -> 
probe -> 
+ gel-shift 
Nuclear Protein 
+L +R 
Figure 3.7 Gel-shift analysis of the zrp2 promoter. . Restriction map of the 1 kbp zrp2 
promoter. nly restriction ites that are used to di ide the promoter into 200 -300 bp 
fragments ar shown. Position of the TAT A box transcription start site ( + 1 ), and sizes of 
the fragments used as probes in gel-shift assays are indicated. The presence or absence of a 
gel-shifted D -protein complexes is indicated as+ or -. B. Gel-shift analysis of 293 bp 
(-472 ii to -180/ all) zrp2 promoter fragment. End-labeled 293 bp fragment (10,000 
cpm) was incubated with ( +) or without (-) 2 µg of nuclear protein extracts from lea es 
(+L) or roots (+R) in the presence of double stranded I µg of poly(dl-dC).poly(dl-dC). 
Z2BP1 , Z2BP2 and Z2BP3 are D -protein complexes formed with factors in the nuclear 
protein e tracts, according to their mobility. fter electrophoresis the dried gel was 
ubj cted to autoradiography for 45 min at -sooc. 
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shown). o complexes were observed indicating that the complexes were formed with 
protein factors. The experimental conditions were optimized for the best isualization of 
D A-protein complexes. Figure 3.8 shows gel-shift assays with arying amounts ofleaf 
nuclear protein extract and of D A, as the probe. Two micrograms of leaf nuclear protein 
extract and 5 ng ofD A with 1 µg of poly(dI-dC).poly(dI-dC) in 20 µl reaction mixture 
were selected as optimum conditions (Fig. 3.8 lane 6). With the increase of nuclear 
protein, the amount of D A-protein complexes increased to a point where the free probe 
was limiting (lanes 2-4 5-7 and 8-10). 
There could be additional protein-binding sites on the promoter where the junctions 
of the above fragments are located. These sites could have been divided due to the above 
fragmentation of the promoter. To investigate this, D A fragments spanning these 
junctions were obtained by restriction digestion of the 1 kbp promoter with Hinfl and Nhel 
(Fig. 3.9). A 230 bp fragment spanning the 25/SphI site was obtained by the digestion of 
pZ2.lEATG with all and Xhol. A 258 bp fragment spanning the -742 sil site, a 266 bp 
fragment spanning the -472 sil site, a 122 bp fragment spanning the -180/ all site and the 
230 bp fragment spanning the +25/ phl site were subjected to gel-shift assays. one of 
these fragments exhibited complexes with nuclear proteins (data not shown). 
pecificity of the D A-protein interaction 
To test whether these D A-protein interactions were specific, gel-shift assays were 
performed with the labeled -4 72 sil to -180/ all D A fragment in the presence of 
specific and non-specific competitor D A. Figure 3.10 and 3.11 show competition assays 
with leaf and root nuclear protein extracts respecti ely. The non-labeled -472 sil to -
1 0/ all D fragment was used as the specific competitor D A. As non-specific D A, 
protein (µg) 
probe (ng) 2.0 
1 
Z2BP3-> 
Z2BP1-> 
probe -> 
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0.5 1.0 2.0 1.0 2.0 
2.0 2.0 2.0 5.0 5.0 
2 3 4 5 6 
4.0 
5.0 
7 
2.0 5.0 8.0 
10.0 10.0 10.0 
8 9 10 
Figure 3.8 Gel-shift analysis with the 293 bp (-472 sil to -180/ all) zrp2 promoter 
fragment with arying amounts of probe and leaf nuclear protein extract in the presence of 
I µg of double- tranded poly(dl-dC).poly(dl-dC). Two (lanes 1-4) five (lanes 5-7) and ten 
(lanes 8-10) nano grams of probe was incubated with 0.5 (lane 2) 1.0 (lane 3 & 5) 2.0 
(lane 4 6 & 8), 4.0 (lane 8) 5.0 (lane 9) and 8.0 (lane I 0) µg of nuclear protein extracts 
from lea es. Fi e nanograms of probe with 2 µg of leaf nuclear protein extract was chosen 
as optimal conditions. fter electrophoresis, the dried gel was subjected to 
autoradiography for 3 Yi h at -800 . 
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Hinfl Hinfl Hinfl Hinfl HinfVraql Hint! 
-938 -680 -645 -330 -'lSl -135 
Nhel 
-379 Xhol 
+SO 
Eco RV Nsil Nsil Sall Sphl 
-976 -742 -472 -180 +25 
TATA 
r-- 230bp -i 
138 bp r-- 2ss bp --i 35 bp r-- 266 bp ~ 49bp 173 bp ~ 122 bp I 
gel-shift + 
size of 
the probe 
Figure 3.9 Restriction enzyme Hinfl-generated D A :fragments to span the junctions of 
the promoter fragments used for gel-shift assays. Fragments spanning the junctions are 
indicated. The 230 bp D A :fragment which span the +25/ phl site is also indicated. 
The presence or absence of a gel-shifted D A-protein complexes is indicated as+ or-. 
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non-specific DNA 50x 100x 
specific DNA 1x 2x 5x 10x 20x 50x 
leaf protein + + + + + + + + + 
labeled DNA + + + + + + + + + + 
1 2 3 4 5 6 7 8 9 10 
Z2BP3-> 
Z2BP1-> 
probe -> 
Figure 3.10 ompetition assay using the 293 bp (-472 sil to -180/ all) zrp2 promoter 
fragment and leaf nuclear protein extract. Gel-shift assays were performed with either free 
probe alone (lane 1 ), with no competitor (lane 2), with 1 x 2x, 5x, 1 Ox 20x, and 50x molar 
excess of cold specific competitor (lanes 3-8), and with 1 OOx, 200x molar excess of non-
pecific competitor (lanes 9 & 10). After electrophoresis, the dried gel was subjected to 
autoradiography for 2 h at -800 . 
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non-specific DNA - SOX 100x 
specific DNA 1x 2x Sx 10x 20x SOx 
root protein + + + + + + + + + 
labeled DNA + + + + + + + + + + 
1 2 3 4 s 6 7 8 9 10 
Z2B P2 -> 
Z2BP1 -> 
probe -> 
Figure 3.11 Competition assay using 293 bp (-4 72 sil to -180/ all) zrp2 promoter 
fragment and root nuclear protein extract. Gel-shift assays were performed with either free 
probe alone (lane 1) with no competitor (lane 2), with lx, 2x 5x, 1 Ox, 20x and 50x molar 
e cess of cold specific competitor (lanes 3-8), and with 1 OOx 200x molar excess of non-
pecific competitor (lanes 9 & 10). After electrophoresis, the dried gel was subjected to 
autoradiography for 2 h at -8QOC. 
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a non-labeled 292 bp D fragment from the pBluescript multiple-cloning site (PvuII -
Xbal) was used. Molar ratios of 1: 1, 1 :2, 1.5 l : 10 1 :20, and 1 :50 probe to specific 
competitor D A (lanes 3-8) and molar ratios of 1 :50 and I : I 00 probe to non-specific 
competitor D A (lanes 9 and I 0) were used to compete with the probe in competition 
assays. Lanes 2 through 8 in figure 3 .10 show a clear decrease in the formation of 
complexes Z2BP3 and Z2BP1 in the presence of increasing specific competitor in the 
reaction mixture. The Z2BP3 complex was fully competed away by I: 10 molar ratio of the 
specific competitor D A (lane 6). The Z2BP 1 complex was also competed awa by 1 :50 
molar ratio of the specific competitor D A (lane 8). Conversely even a 1: I 00 molar ratio 
of non-specific competitor D A was not able to compete with the probe for binding with 
protein (lanes 9 and 10). Failure to abolish or alter binding acti ity in the presence of 
molar excess quantities of non-specific competitor D A of similar size shows that the 
interactions between the D and protein factors are specific. 
Lanes 2 through 8 in figure 3 .11 show a decrease in the abundance of the complexes 
Z2BP2 and Z2BP1 as they get competed away by the presence of increasing amounts of 
specific competitor D . Both complexes were competed away by 1 :50 molar ratio of the 
specific competitor D A (lane 8). Con ersel as with leaf nuclear protein extract, e en a 
I : 100 molar ratio of non-specific competitor D A was not able to compete with the probe 
for interactions with the protein (lanes 9 and 10). This shows that the interactions between 
the D and protein factors are specific. 
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uh-division of the -472 il to -180/ all D A fragment to delimit the protein-
binding region 
To further delimit the binding region the -472 sil to -180/ all fragment was divided 
into three smaller fragments. Restriction digest of pZ2(497) in pGeml.O (Fig. 3.2B). 
with Xbal /Nhel and Nhel!faql generated a 97 bp D A fragment containing -472 sil to 
-379 heI, a 121 bp D A fragment containing -379/Nhel to -258!faql, and a 78 bp D A 
fragment containing -258/Taql to -180/ all!TaqI (Fig. 3.12). These D A fragments 
spanning the entire -472 sil to -180/ all region were subjected to gel-shift assays. The 
97 bp and the 78 bp D A fragments did not show any gel-shifted D A-protein complexes 
(Fig. 3.13), whereas the 121 bp D A fragment exhibited the formation of DNA-protein 
complexes with leaf and root nuclear protein extracts (lanes 5 and 6). This showed exactly 
the same pattern of binding as with the -4 72 sil to -180/Sall fragment with Z2BP 1 being 
common to both leaf and root nuclear protein extracts Z2BP2 being detectable only with 
root nuclear extract and Z2BP3 being more abundant with the leaf nuclear extract. Gel-
shift assay with -472 siI to -180/ all region with deleted 121 bp protein-binding region 
exhibited no binding activity (Fig. 3.14) These observations pro ide evidence that the 
binding activity observed with the -472 sil to -180/ all fragment is due to the interaction 
of nuclear proteins with the -379/Nhel to -258/Taql region. 
Analysis of the sequence of the 121 bp region re ealed that this sector is AT-rich (79% 
or T). T-rich regions in promoters are known to interact with transcription factors in 
plants (Datta and Cashmore 1989) in yeast ( truhl, 1985), and in mammals (Fashena et 
al. 1992). Moreo er this region contains a part of the sequence (extending from -366 to -
_09) that shows 72% nucleotide identity o er a stretch of 159 bp of the first intron 
sequence of a root-preferentially e pressed a-tubulin gene from maize. Together these 
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Figure 3.12 Further separation of the binding region into smaller fragments. Restriction 
map of 293 bp -4 72 sil to -180/ all zrp2 promoter region . Only restriction sites that are 
used to di ide the region in to a 97 bp, a 121 bp and a 78 bp fragments are shown. The 
presence or absence of a gel-shifted D A-protein complexes is indicated as+ or -. Region 
that show 72% nucleotide identity with the first intron sequence of the root-preferentially 
e pressed cx.-tubulin gene, is shown as a hatched region. 
root protein 
leaf protein 
labeled DNA 
Z2BP3-> 
Z2BP2-> 
Z2BP1-> 
probe -> 
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+ + + 
+ + + 
+ + + + + + + + + 
<---97bp----><----121bp----><----78bp---> 
1 2 3 4 5 6 7 8 9 
Figure 3.13 Gel- hift analysis of the 97 bp (-472 sil to -379/Nhel), 121 bp (-379/Nhel to 
-258 aql) and 78 bp (-258!f aql to -180/ all), with nuclear protein extracts from leaves 
and roots. Lane 1 contain the probe only. Lanes 2 and 3 contain 10,000 cpm of probe, 2 µg 
of nuclear protein e tracts from leaves or roots and 1 µg of poly(dI-dC).poly(dI-dC). 
After electrophoresis, the dried gel was subjected to autoradiography at room temperature 
without an intensifying screen. 
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Nuclear Protein 
+L +R 
probe -> 
Figure 3.14 Gel-shift anal sis of the mutated -472 sil to -180/ all region (with deleted 
121 bp protein-binding region). All lanes contain 10 000 cpm of probe 2 µg of nuclear 
protein extracts from lea es or roots, and 1 µg of poly(dl-dC).poly(dl-dC). After 
lectrophoresis, the dried gel was subjected to autoradiography for 3 d at -80°C. 
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observations suggest that this region may be important in root-preferential transcription. 
The 121 bp -379/Nhel to -258/Taql fragment was further divided into a 48 bp -
379/Nhel to -330/Hinfl and a 73 bp -330/Hinfl to -2581Taql (Fig. 3.15). Restriction digest 
of the 1 kbp promoter with Nhel and Hinfl generated these fragments among others. Gel-
shift assays with the 48 bp fragment showed no binding acti ity (data not shown), whereas 
the 73 bp fragment showed interaction with nuclear protein that led to the formation of all 
three complexes (Fig. 3.16). As with 121 bp fragment, the 73 bp fragment also showed 
Z2BP 1 with both leaf and root nuclear protein extracts Z2BP2 predominantly with the root 
nuclear protein extract and Z2BP3 predominantly with leaf nuclear protein extract. 
In particle-bombardment-mediated transient-expression assays using the 1 kbp 
promoter a significant amount of transcriptional acti ity was observed in the base of 
leaves and roots, and ery low acti ity in leaf blades (described in Chapter 5). To 
in estigate whether the D A-binding acti ity is different between leaf blade and leaf base 
and to see whether any binding activity is similar in leaf bases and roots, gel-shift assays 
were performed with nuclear protein extracts ofleaf blades and leaf bases. Five-day-old 
lea es were excised approximately one centimeter from the base of the leaf separating the 
organ into leaf base and blade areas for <:,P arate extraction of nuclear proteins. Gel-shift 
assays with the 73 bp D A fragment from -330/Hinfl to -2581Taql showed that the 
binding acti ity of leaf base and leaf blade is different (Fig. 3.17). The complex Z2BP1 is 
more abundant with the nuclear protein extract of leaf base than with leaf blade and 
Z2BP3 is more abundant with nuclear protein extracts of leaf blade than with leaf base 
(compare lanes 4 and 5). Apparently Z2BP1 with the whole leaf nuclear extract is 
contributed primarily by the leaf base and Z2BP3 is mostly contributed by the leaf blade. 
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Figure 3.15 Further separation of the 121 bp binding region into a 48 bp and a 73 bp 
fragments. Only restriction sites that are used to divide the region in to a 97 bp, a 121 bp 
and a 78 bp fragments are shown. The presence or absence of a gel-shifted D A-protein 
complexes is indicated as + or -. Hatched region indicate the sequence that has 72% 
nucleotide identity with the first intron sequence of the root-preferentially expressed a.-
tubulin gene in maize. 
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Nuclear Protein 
+L +R 
Z2BP3 -> 
Z2BP2 -> 
Z2BP1 -> 
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Figure 3.16 Gel-shift analysis of the 73 bp (-330/Hinfl to -258ffaql) region, with nuclear 
protein extracts from lea es and roots. Lane 1 contains the probe only. Lanes 2 and 3 
contain l 0,000 cpm of probe, 2 µg of nuclear protein extracts from leaves or roots, and 1 
µg of poly( dl-d ). pol ( dl-d ). fter electrophoresis, the dried gel was subjected to 
autoradiography for 5 h at -800C. 
Z2BP3 -> 
Z2BP2 -> 
Z2BP1 -> 
probe -> 
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Nuclear Protein 
+L +R +L +L 
bs bid 
Figure 3.1 7 Gel-shift anal sis of the 73 bp (-330/Hinfl to -258ffaqI) region with nuclear 
protein extracts from whole lea es (+L) roots (+R) leaf bases (+Lbs) and leaf blades (+L 
bid). Lane 1 contains the probe only. All other lanes contain 10 000 cpm of probe, 2 µg of 
nucl ar protein extracts from lea es or roots, and 1 µg of poly(dI-dC).poly(dI-dC). After 
electrophoresis, the dried gel was subjected to autoradiography for 5 hat -sooc. 
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The higher molecular weight complex formed with the nuclear protein extract from the leaf 
base migrates slightly more slowly than Z2BP3 in leaf blade or whole leaf extracts (lanes 
2, 4 and 5). The complex Z2BPI with the nuclear protein extract from leaf base is as 
abundant as with nuclear protein extract from roots (lanes 3 and 4). Abundance of this 
complex correlates with the higher transcriptional activity seen in leaf bases and in roots 
(Chapter 5), suggesting that this complex may play a role in transcriptional regulation. 
Analysis of the sequence of the 73 bp region re ealed the presence of three 8 bp 
repeats of an AT-rich element, A TTTTT AT. This element is similar to the AT-1 element 
found in the promoters of several light-regulated photosynthetic genes including cab and 
rbcS of tomato pea and tobacco (Datta and Cashmore 1989). ingle-stranded 
oligonucleotides were synthesized annealed and cloned to generate D A fragments 36 bp 
and 38 bp, spanning the 73 bp region (Fig. 3.18A). The oligonucleotides were made so 
that these three repeats are contained in one D A fragment (in the 38 bp fragment) . Gel-
shift assays were performed to in estigate the binding activity of the fragments. The 36 bp 
fragment exhibited no binding activity (data not shown), whereas the 38 bp fragment 
formed complexes with both root and leaf nuclear extracts (Fig. 3.18B). When compared 
with the 73 bp fragment, the intensities of the Z2BP3 formed is drastically decreased with 
the 38 bp fragment, indicating that the binding capacity is low. This may be due to loss of 
a part of the binding site or flanking regions of the binding site, the presence of which are 
important in forming an intact complex. With the 38 bp fragment, the Z2BP2 complex is 
undetectable with the root nuclear protein extract (lane 3). This could be due to the 
absence of the intact binding site on the 38 bp fragment. Moreo er absence of any 
omple es formed with the 36 bp fragment suggests that the binding site responsible for 
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Figure 3.18 Gel-shift analysis with the 36 bp and the 38 bp D A fragments spanning the 
73 bp (-330/Hinfl to -258ffaql) region. A. Further separation of 73 bp region into two 
fragments of 36 bp and 38 bp. The 8 bp repeat sequences are indicated in arrows. B. Gel-
shift assay with 38 bp (-298 to -258) region, with nuclear protein extracts from leaves and 
roots. Lane 1 contains the probe only. Lanes 2 and 3 contain 10,000 cpm of probe 2 µg of 
nuclear prot in extracts from lea es (+L), or roots (+R) and 1 µg of poly(dl-dC).poly(dl-
d ). fter electrophoresis, the dried gel was subjected to autoradiography for 7 h at -80°C. 
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the formation of Z2BP2 may be located in the junction of the two fragments. A careful 
search of the sequence of these fragments re ealed the presence of another 9 bp AT-rich 
direct repeat located in the junction of the above two fragments and, therefore, had been 
divided in the center. To test whether the Z2BP2 binding site consisted of these two 
repeats a 40 bp oligonucleotide spanning the junction of the abo e two fragments 
containing the intact 9 bp direct repeat, was synthesized (Fig. 3.19). Gel-shift assays with 
the fragment failed to show any significant binding acti ity (data not shown). This result 
indicates that the intact binding site of the Z2BP2 complex does not consist only of the 
abo e two 9 bp repeats. 
Di cu ion 
Pre ious work from this laboratory has shown that ZRP2 mRNA is more abundant in 
roots than in lea es (John, 1991; Held, 1993). In vitro transcription run-on assays using 
nuclei isolated from 3-d-old roots and 5-d-old lea es has shown high le els of transcription 
in roots compared to undetectable le els in lea es (Held 1993). 
To define regions in the promoter, containing cis-elements responsible for root-
preferential transcription, D A-protein interactions of the first kbp of the zrp2 promoter 
were in estigated. 293 bp D fragment containing sequences from -4 72 to -180 
howed distinct interactions with protein factors, while fragments containing sequences 
further upstream did not show any binding activity in spite of the localized T-rich (-843 
to -752 and -73 to -659) and GC-rich (-546 to -525) regions in the promoter. The D A 
fragment from -180 to +25, containing the TATA box. showed barely detectable binding 
a tivity with nuclear protem extracts of roots and lea e • in spite of obvious interactions 
-330/Hinfl 
I 
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73 bp 
40 bp-----1 
-258!Taql 
I 
38bp----.i synthesized 
oligonucleotides 
Figure 3.19 Location of T-rich repeat sequences with regard to the synthesized 
oligonucleotides, which span the 73 bp promoter sequence (-330/Hinfl to -258ffaql). 
The filled boxes indicate the 8 bp repeat sequences, TA TITTI A and the hatched boxes 
indicate the 9 bp repeat sequences A TTT AA T . The arrows indicate the orientation of 
the repeats. 
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with RNA polymerase and associated proteins. The experimental conditions used for 
isolating nuclear proteins and gel-shift assa s may not be the optimal conditions for 
detection of these complexes. 
Abundance of the complexes formed with -4 72 to -180 promoter fragment indicate the 
abundance of the interacting protein factors, in the nuclear protein extracts. The same 
D -protein interactions exhibited with this fragment were shown with the 121 bp (-379 
to -258) fragment and the 73 bp (-330- to -258) fragment (Figures 3.13 and 3.16). This 
indicates that all the cis-elements interacting with nuclear factors are located in the 73 bp 
region. 
The Z2BP 1 complex is formed with both root and leaf nuclear protein extracts 
(Figures 3.7b, 3.15 and 3.16). Further analysis with nuclear protein extracts from leaf base, 
shows that the Z2BP1 with the whole-leaf nuclear extract is primarily contributed by the 
leaf base (Fig. 3.17). Mobility of D A-protein complexes are effected mainly by the size 
of the bound protein ( usubel et al. 1994 . Complexes formed with protein factors of 
higher molecular weight are larger and migrate slower in the gel. When Z2BP2 and 
Z2BP3 are compared the size of the protein(s) associated with the complex Z2BP3 is 
larger than that of Z2BP2. Moreo er, Z2BP2 is formed almost exclusi ely with nuclear 
protein extracts of roots . Only a trace of Z2BP2 was able to be detected with nuclear 
protein extracts of leaf base (Fig. 3.17). This indicates that the interaction between 
promoter fragment and specific nuclear factor( s) that form Z2BP2 is more fa ored in roots. 
That could be due to the abundance of the acti e form of the specific factor in nuclear 
e tracts of roots, compared to lea es. on ersely formation of Z2BP3 is fa ored in 
l a e probably due to the abundance of the acti e form of the specific nuclear factor/s in 
nuclear protein e tra ts of lea es. correlation between the abundance of a binding 
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protein and the transcriptional activity of the gene maJ provide circumstantial evidence for 
its in olvement in gene regulation (Forde, 1994). The abo e results clearlJ show that the 
interaction of nuclear factors with the same promoter fragment is different in roots and 
leaves indicating existence of different mechanisms for transcriptional regulation of the 
zrp2 gene in these organs. 
The higher transcriptional acti ity of zrp2 in roots correlates with the formation of 
Z2BP2, and the absence of Z2BP3, in roots. imilarly, low transcriptional activity in 
lea es correlates with the formation of Z2BP3, and the absence of Z2BP2 in lea es. Two 
models can be deri ed from these observations: 1) the interaction between the cis-element 
and the nuclear factor(s) that formed the Z2BP2 complex may activate transcription in 
roots· or 2) the interaction between the cis-element and the nuclear factor(s) that formed 
the Z2BP3 complex may repress transcription in lea es. 
Gel-shift assays with 36 bp and 38 bp oligonucleotides spanning the 73 bp (-330 to -
258) exhibited binding acti ity only with the 38 bp fragment, which consisted of the 3' 
region of the 73 bp fragment (Fig. 3.18A and B). Comparison of the intensities of the 
complexes show that the intensity of the Z2BP3 complex in the lea es has drastically 
decreased. This indicates loss of a sequence that facilitates binding, which may be situated 
in the periphery of the binding site. This may suggest that the binding site of the Z2BP3 
may be located near the -·end of the 38 bp fragment or that a sequence located in the 36 
bp fragment is associated with the binding of Z2BP3. It is possible for other sequences to 
be in ol ed in binding cooperati ely thus facilitating the binding of a factor to a different 
cis- lement. 
Inability to detect Z2BP2 with either 38 bp or 36 bp fragments lead to the hypothesis 
that th binding ite may ha e been divided by the separation of 73 bp into two fragments. 
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Analysis of the sequence of the 73 bp fragment showed the presence of two 9 bp direct 
repeats 5' AATAATITA 3', and three 8 bp repeats 5' TATTT1 I 3' (two direct repeats 
and an inverted repeat, as in figure 3 .19). The 3' end of the 9 bp repeat o erlaps with the 
most 5' of the 8 bp repeat. Either of the 36 bp, or 38 bp fragment contained only one of the 
9 bp direct repeats. Howe er gel-shift assays with a D A fragment containing both 
repeats (40 bp) did not show any binding acti ity. This result suggests that the binding site 
of the Z2BP2 complex may be: 1) the 9 bp repeat, but flanking sequences are required for 
binding; or 2) the 8 bp repeat, but sequences in the 36 bp region are required for binding; 
or 3) sequences other than the repeats but sequences of both 36 and 38 bp fragments are 
required for binding. Based on all the abo e observations two possible models for the 
prominent interactions between the 73 bp protein binding region from the zrp2 promoter 
and protein factors from root nuclei leaf base nuclei and leaf blade nuclei are illustrated in 
figure 3.20A and B. 
The model 1 (Fig. 3.20A) is based on the possibility of the Z2BP2 binding site being 
the 9 bp repeats and the Z2BP3 binding site being located near the 5' end of the 3 8 bp D A 
fragment. The model 2 (Fig. 3.20B) is based on the possibility of the Z2BP2 binding site 
b ing the three 8 bp repeats or a part of the three 8 bp repeats and the Z2BP3 binding site 
being located near the 5' end of the 38 bp D fragment. In roots both Z2BP1 and Z2BP2 
comple es are abundant. In leaf blades Z2BP3 is abundant while Z2BP1 is ery low. This 
trace amount of Z2BP1 in nuclear extracts from leaf blades may be due to contamination 
with 1 af base region as a result of incomplete separation of leaf base and leaf blade. In 
leaf bases both Z2BP 1 and Z2BP3 are abundant. The slightly higher molecular weight of 
the Z2BP3 Z2BP3 *) in leaf base nuclear extracts may be due to binding of both Z2BP3 
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Figure 3.20 Two possible models and B, for the prominent interactions between the 73 
bp fragment of the zrp2 promoter and protein factors from root, leaf base and leaf blade 
nuclear protein extracts. The D A-protein complexes Z2BP 1 and Z2BP2 were observed 
with nuclear proteins from roots, Z2BP1 and Z2BP3* complexes were observed with 
nuclear proteins from leaf bases and Z2BP3 was observed with nuclear proteins from leaf 
blades. The Z2BP1 was barely detectable with proteins from leaf blade nuclei. 
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igure .20 continued. 
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and Z2BP 1 (model 2) or due to a modificanon of Z2BP3, or due to association with 
another protein factor (model 1). 
Based on the results of the transcription run-on assays (Held, 1993) the high 
transcription in roots correlates with the formation of Z2BP2 and the absence of Z2BP3 
and undetectable levels of transcription in lea es correlate with the absence of Z2BP2 and 
the formation of Z2BP3. Based on these data it can be speculated that Z2BP2 may act as 
an enhancer and/or that Z2BP3 may act as a repressor. 
Based on the results from the gel mobility-shift assays and transient-expression assa s 
it can be proposed that the formation of the Z2BP1 complex may be responsible for the 
transcriptional acti ity in roots and leaf bases. The protein factor responsible for the 
formation of the Z2BP 1 complex may be absent in leaf blades. Moreo er the protein 
factor(s) responsible for the formation of the Z2BP3 complex which could be a repressor 
is present in leaf blades. The ery low transcriptional activity in leaf blades may be due to 
one or both of the abo e reasons. If the transcriptional activity is due to the formation of 
Z2BPL it is possible that the transcriptional activity in roots and leaf bases are similar. The 
reason that the transcription run-on assays showed an undetectable le els of transcription 
(Held, 1993) could ha e been due to the dilution of ZRP2 transcripts by an excess of leaf 
blade nuclei compared to leaf base nuclei. However the transient-expression assays of the 
promoter with protein-binding region deleted. exhibit a fi e-fold decrease in transcriptional 
acti ity in roots and an insignificant amount of decrease in transcriptional activity in leaf 
base . This uggests that Z2BP2 may be in ol ed in enhancing transcription in roots. 
Howe er it is important to bear in mind that the binding of nuclear factors to cis-
el m nts in gel- hift assays differs from the in vivo condition since in gel-shift assays the 
pe ifi is-element is in excess in contrast to the binding factors. In the in vivo situations 
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there can be competition between factors binding to the limited number of cis-elements, 
and thus, the binding affinities of the interactions and relati e abundances of the factors 
undoubtedly plays an important role. oreo er. the chromatin structure in in vivo situation 
may influence the accessibility of the D A to trans-acting factors thus playing an 
important role in D A-protein interactions. 
The sequence of the first kbp of the zrp2 promoter is relati ely AT-rich. Moreo er, 
the sequence of the 73 hp, -330 to -258 region which contains all the above binding sites is 
composed of repeat sequences which are predominantly consisted of A and T residues. 
The repeat sequences are composed entirely of A and T residues. In this respect, the 9 hp 
repeat sequences (putative Z2BP2 binding site) resemble the AT-rich sites located in the 
promoter regions of a number of plant genes and these ha e been shown to bind nuclear 
factors. For example conserved AT-rich sequences are present in the promoter region of 
the soybean lectin gene (Jofuku et al., 1987), of se eral nodule-related leghemoglobin 
genes (Jensen et al. 1988: Metz et al., 1988: tougaard et al. , 1987), of the nodule-
enhanced glutamine synthatase gene from French bean (Forde et al., 1990) and of the 
soybean nodulin 23 gene (Jacobsen et al. 1990). Forde et al, (1990) have suggested that 
nuclear factors from a wide ariety of plant organs that recognize cis-elements ha ing the 
consensus sequence Tl T34A1_2T ma belong to an evolutionarily conserved and 
ubiquitous family . It is interesting to note that most of the abo e genes are expressed in 
roots. 
Furthermore conserved AT-rich sequence motifs present in the French bean phaseolin 
5' flanking region are similar to AT-rich sequences present in 5' upstream region of se eral 
unflower helianthinin genes (Bustos et al., 1989· Riggs et al. 1989). In the soybean 
gly inin 2B1a gene promoter, an T-rich sequence TAATAATfT (termed the glycinin 
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box) interacts with a nuclear factor from the embryo which in turn may acti ate the seed-
specific expression (Itoh et al., 1994) of the gene. 
The 8 bp repeat TA ITT I I AT of zrp2 closely resembles the conserved AT-rich 
sequence having the consensus AATATTT1 IATT (AT-1 box). Promoters of se eral 
light-regulated photosynthetic genes (rbcS and cab) from pea, tomato and tobacco also 
have AT-1 box sequences (Datta and Cashmore, 1989). Furthermore from nuclear extracts 
of pea, Datta and Cashmore (1989) ha e demonstrated that the D A-binding ability of AT-
1 can be re ersibly modulated by phophorylation. AT-1 is active in the non-
phosphorylated form and loses all binding ability as a result of phosphorylation. The effect 
of phosphorylation on binding abilities of nuclear factors that form complexes with zrp2 
promoter has yet to be determined. 
According to Forde ( 1994 ), there are two distinct types of nuclear proteins that interact 
with AT-rich upstream elements: the HM GI-like factors (High Mobility Qroup I) and the 
apparently no el AI-rich B.inding factors (ATBF). The HMG proteins are a small (<30 
k.Da) heterogeneous group of eukaryotic chromosomal proteins, which are rich in acidic 
and basic amino acids and appear to be preferentially associated with transcriptionally 
active chromatin (Johns 1982). Properties ofHMG-like factors are fairly well defined 
based on studies in mammalian systems (Forde 1994). Binding of these factors are not 
generally sequence-dependent and could tolerate considerable sequence- ariety as long as 
a high T content is maintained (Bustos et al., 1989). Con ersely, ATBFs bind to their 
pecific sequence. Most of the examples of AT-rich element binding factors mentioned 
abo e fall into this category. 
Based on the criteria of Forde (1994) nuclear factors bound in Z2BP2 and Z2BP3 can 
!early be categorized as ATBFs. Characteristics of A TBF-type nuclear factors include: 
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1) ability for binding m vitro to AT-rich sequences upstream of the TAT box (typicall~ 
multiple sites 150 bp or more from the cap site)· 2) high abundance (readily detectable in 
gel-shift assays)· 3) heat sensitivity (unlike HMGis); 4) multiple banding or broad banding 
in gel-shift assays (unlike HMGis); 5) sequence specificity in binding as demonstrated by 
competition experiments (unlike HMGis)· 6) target-sequence conforming to the motif 
AT3_5A1_2T; 7. slow mo ing (unlike HMGis). 
Con ersely based on the observed characteristics from the gel-shift assays it is not 
possible to categorize the Z2BP1 complex definiti ely. The characteristics such as high 
mobility of the complex and inability to compete-out readily with specific D A are shared 
with HMGI-like proteins. To be certain the molecular weight of the protein factor has to 
be determined. Although the Z2BP1 complex cannot be fully competed away by the 
addition of 1: 10 molar ratio of probe to specific competitor D A (as with Z2BP2 and 
Z2BP3), it is competed away by 1 :50 molar ratio of specific competitor D A (Fig. 3.10). 
Furthermore if Z2BP1 is formed due to interaction with HMGI-like protein, we should be 
able to observe it with any other AT-rich D A fragment. But we were not able to observe 
it with T-rich 9 bp repeat containing 36 bp fragment or 40 bp fragment. Based on these 
observations it is more likely that the factor responsible for Z2BP1 is also a ATBF-type 
protein. 
definiti e role for T-rich sequence elements in transcription of plant genes remains 
un lear. T-rich cis-elements in light-regulated photosynthetic genes ha e been reported 
to act either as po iti e elements (Lam et al. 1990· Timko et al 1985) or as negati e 
elements ( astresana et al, 1988; Datta and Cashmore 1989). Upstream T-rich 
equences that bind nuclear proteins ha e been shown to acti ate transcription in vivo 
(Bustos t al . 19 9) . The TBFs associated with the di erse set of nodulin genes ha e 
been implicated in enhancing transcription in nodules (Forde et al 1990). Howe er most 
of the AT-rich binding sites characterized are frequently associated with positi e 
regulatory elements (Forde 1994). 
According to Forde ( 1994 ), binding factors of ATBF-type are widespread among 
dicots, and e idence for their occurrence in monocots is limited up to now. Based on this 
nuclear factors responsible for the complexes Z2BP3 and Z2BP2, and probably Z2BP 1, are 
among the first few A TBF-type binding factors in monocots. 
In conclusion, we ha e in estigated the D A-protein interactions of the first kbp of 
the zrp2 promoter proximal to the transcription start site. A differential binding pattern 
was observed with crude nuclear protein extracts from leaves and roots. These organ-
specific differences in D A-protein interaction correlate with the observed root-
preferential transcriptional acti ity of the promoter, thus providing circumstantial evidence 
for its in olvement in the regulation of transcription. The promoter :fragment containing 
the binding sites was delimited to a 73 bp region, which contains two repeats of a 9 bp 
sequence and three repeats of a 8 bp sequence all consisting only of A and T residues. 
Complexes Z2BP2 and Z2BP3 show similar binding properties to A TBF-type protein-
D A interactions. These could be among the first A TBF-type binding factors in 
monocots. 
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CHAPTER 4: DETERNITNATIO OF THE CLEOTIDE EQUE CE OF 
THE UP TREAM REGIO OF THE ZRP2 PROMOTER 
Introduction 
Transcription is regulated by interaction of multiple D A-binding proteins with an 
array of cis-acting elements of the gene. These transcription regulatory cis-elements are 
primarily located in the upstream region of the gene. Howe er it is not impossible for cis-
elements to be located in other regions, such as the 5' untranslated region the cod.ing 
region (Dietrich et al . 1992), the intron sequences, or in the 3' untranslated region of a 
gene. is-elements can be dispersed e en as far as se eral kbp upstream from the 
transcription start site. These long-range cis-elements can affect transcription by tracking 
(Wang and Giae er, 1988), looping (Lobell and chleif, 1990) or through protein bridges 
(Kim and Landy 1992). 
A genomic clone of the zrp2 gene has been isolated and the transcription start site has 
been mapped. A total of 4. 7 kbp of the upstream sequence has been cloned and the first 
kbp proximal to the transcriptional start site including the TAT A box has pre iously been 
sequenced (Held, 1993). 
Transcriptional analysis with the 1 kbp 2 kbp and total 4.7 kbp (Fig. 4.1) promoter 
regions in the particle bombardment-mediated transient-expression assay has shown that 
th transcription acti ity increases with the length of the promoter in roots (Held 1993). In 
lea es, the transcriptional acti ity was greatest with the 2 kbp promoter (Held 1993). 
These data indicate the presence of other equence elements located in the upstream region 
(upstream of 1 kbp) are invol ed in enhancing the transcriptional acti ity of the promoter. 
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Figure 4.1 The partial restriction map of the upstream region of the zrp2 gene up to the 
putati e translation start site. The position of the TAT A box, transcription start site, and 1 
kbp 2 kbp and the 4.7 kbp fragments of the promoter are indicated. 
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Determination of the sequence of the upstream region 1s necessary if we are to in estigate 
D A-protein interactions or to determine likely sequence elements (such as AT-rich 
regions, direct or inverted repeat sequences etc.) that are important in D A-protein 
interactions. The presence of the same sequence elements in the upstream region that are 
in olved in D A-protein interactions of the 1 kbp promoter (Chapter 3), could reveal 
important information associated with the in ol ement of these cis-elements in regulation 
of transcription. Moreo er sequence comparison of the promoter may re eal similarities 
to other promoter sequences of genes in the GenBank, which could re eal common factors 
by which these genes are regulated. 
The comparison of sequence of the 1 kbp region has shown 72% nucleotide identity 
with the first intron sequence of an a-tubulin gene in maize (Held, 1993). Transcripts of 
this a-tubulin gene preferentially accumulate in maize roots as do transcripts of zrp2. 
These observations indicate that this region may be important in root-preferential 
transcription. In estigation of D A-protein interactions in the 1 kbp region showed 
differential pattern of the protein-binding in this region, with nuclear protein extracts of 
roots and of lea es (Chapter 3). In this study 1.6 kbp of additional sequence from the 
upstream region of the zrp2 promoter is analyzed. 
aterial and Method 
uh-cloning and equencing of the -976/EcoRV to -1945/Hindffi region 
The upstream region from -976/EcoRV to -1945/Hind III of the zrp2 gene was 
quenced at the I U ucleic Acids Facility according to the dideoxy-nucleotide chain 
termination m thod ( anger et al., 1977) using double-stranded D A templates (Chen and 
eeburg 1985). The subclone pZ2.1HE m pBluescnpt was used as the template for 
sequencing The plasmid pZ2.1 HE was constructed by digestmg pZ2.45 in pBluescript 
K (Held, 1993) with EcoRV and Hindlll, and cloning the resultant 1 kbp D A fragment 
into pBluescript K , digested with mal and Hindlll (Fig. 4.2). 
The Ml 3 forward and re erse primers were used initially to sequence from both ends 
of the insert. ynthesized 18-base oligonucleotides were used as primers as sequencing 
progressed. Primers used were, TT086 (5' GACAAAGGGTCATCTCGC 3'), TT051 (5' 
GATCTGGCTCGTGGCTAA 3') and TT141 (5' TTTGGTCTGATATGATC 3') 
sequentially from the 5' (Hindlll) end of the promoter fragment and TT042 (5' 
GAGGATGAATGAGGGTGT 3') TT087 (5' TTTGGAGGTCACGCTATC 3') and TT050 
(5' GCGGGCGTCACGAC C 3') sequentially from the 3' (EcoRV) end of the 
promoter fragment. equencing was done twice with each primer until the entire -976 to -
1945 region was sequenced independently from both ends. The sequence was assembled 
using the UWGCG fragment assembly ( ersion 7, April 1991) computer program from The 
Genetics Computer Group, Madison, Wisconsin. 
uh-cloning and equencing of the -1945/Hindffi to -2573/ pal region 
The next 0.6 kbp (-1945 to -2573) of the zrp2 upstream region immediately 5' to the 
abo e was sequenced using the same method at I U ucleic Acids Facility. The subclone 
pZ2.06AH in pBluescript K was used as the template for sequencing . Initially the 2.6 
kbp pal to pal fragment from pZ2.47 ATG in pBluescript K (Held, 1993) was cloned 
into pBluescript K linearized with Apal, to form pZ2.26AA in pBluescript K with the 
inserted promoter fragment in normal orientation. Restriction digestion of pZ2.26AA with 
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igure 4.2 onstruction of the plasmid pZ2.1 HE in pBluescript K . The plasmid 
pZ_.45 in pBluescnpt K (Held. 1993) was digested with EcoRV and HindIII and the 
re ultant 1 kbp D fragment was cloned into pBluescript K , digested with mal and 
HindIII. 
HindIII and religation resulted m generation of the plasmid pZ2.06AH in pBluescript K 
(Fig. 4.3). 
Initially the Ml 3 forward and reverse primers were used to sequence from both ends 
of the insert. ynthesized 18-base oligonucleotides were used as primers as sequencing 
progressed. Primers used were TT840 (5' TCTACTCTGTGAGTCTTA 3') and TT880 (5' 
CTTATGTCTGTGATGAT 3') sequentially from the 5' (ApaI) end of the promoter 
fragment and TT839 (5' ATCATCACAGACATAAGT 3') and TT881 (5' 
CTGAAGTCTCAACACTAA 3') sequentially from the 3' (HindlII) end of the promoter 
fragment. equencing was done twice with each primer until the entire -1945 to -2573 
region was sequenced independently from both ends. The sequence was assembled using 
the UWGCG ( ersion 7, April 1991) computer program for fragment assembly from The 
Genetics Computer Group, Madison, Wisconsin. 
Re ult 
The sequence of the upstream region of the zrp2 gene from -2573/ApaI to +25/ phl 
relative to the transcription start site, is shown in Figure 4.4. The sequence of the -
976/EcoRV to +25/ phl region has been pre iously determined (Held 1993). Analysis of 
the sequence showed localized AT- and GC-rich regions. uch AT-rich regions were 
found between -80 and -110, -215 and -328, -659 and -738 -752 and-843, -983 and -1049 
-11 73 and -1184, and -1.., 13 and -13 23. GC-rich region is found between -546 and -525. 
The T-rich stretch of nucleotides between -215 and -328 contained three 8 bp repeats 
Fig. 4.4 bold and underlined) and two 9 bp repeats (Fig. 4.4 double underlined) consisting 
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igur 4.3 onstruction of the plasmid pZ2.06AH in pBluescript K . Initially the 2.6 kbp 
pal- pal fragment from pZ2.47 TG in pBluescript K (Held, 1993) was cloned into 
pBluescript K linearized with pal. to form pZ2.26AA in pBluescript K . Restriction 
dige tion of pZ2.26 • ..vi th HindIII and religation. resulted in generation of the plasmid 
pZ_.06AH in pBluescript K 
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Figure 4.4 The sequence of the entire 2.6 kbp zrp2 promoter. The region from -
976/EcoRV to +25/ phI was sequenced by Held (1993). The region that shows 72% 
nucleotide identity with the first intron sequence of the root-preferentially transcribed a.-
tubulin gene from maize (Montoliu et al. 1989) is underlined. The three 8 bp repeats (in 
bold) and the two 9 bp repeats (double underlined) in this region are as indicated. The 
other 8 bp repeat located at -1041 and -2053 is indicated in bold and is underlined. The 
TATA box (bold and underlined), the transcription start site ( + 1 ), and the putative 
translation start site (in bold) are also indicated. 
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-2573 GGGCCCAAAG GAAGGAAGTA CT~CAGTGGA TCAAGATGTT GATGTTCCCT 
-2523 GATGGGTATG CAGCTAACCT GAGTAGGTGG GGTGAACTTA TCTACTCTGT 
-2473 GAGTCTTAGG GATGAAGAGT CATGACTTCC ACATATGGAT TGAACAGATT 
-2423 CTTCTCTGTG CATGGACAAT CTGGGGCGGC ATCCAACAAC CCTCATGGAT 
-2373 CGCCCGGCCA ATCGCCGCAC CAGTCCATCC GCCCACCTCG ATGAGACTTA 
-2323 TGTTCTTAGT GTTGAGACTT CAGAACTTAT TGATAATGCT GTATTGGATA 
-2273 CTTATGTTTG TGTTCGATAC TTATGTGAGA ACTTGAGACT TATGAGACTT 
-2223 ATGTTCTTGA TAC':'TATGTT TGTGTTGAGA ACTTGGATAT TTATGTTTGT 
-2173 GTTGGATACT TATGTCTGTG ATGATATATG TGATGTATAT ATGTGATGTA 
-2123 TATGTGACAT ATGTGATGTA TATGTGGTAT CTTTTGTTTG TTTGGATGGA 
-2073 ATAGAGAAAG CAAATAAAAA TGTGTATACT GGTCACTTTG TCGAGTGTAA 
-2023 CACTCGGCAA AAAGGTGCTT TGCCGAGTGT TAGGGCCATA GCACTCGGTA 
-1973 GAGAACCAAT ACTTAGGCAC CGGTAAAGCT TTTTTGGCGA GTGTTGTGGC 
-1923 CCTGGCACTC AGCTTTGCCG AGTGCCTCAC AGAGCACTCG ACAAAGAACC 
-1873 TGACAAATGG ACCCGCTGGT AAATCCTTTA CCGAGTGCAG GTCAGTAGAC 
-1823 ACTCGGCAAA GGTAACTTCT TTGCCGAGTG CCGCTTAGAA CATTTGACAA 
-1773 AGGGTCATCT CCGTTACCCG GTGTCGTGAC GGCCGCTTTT CTTTGCCGAG 
-1723 TGCCTGATAG AAAGTACTCG GCAAAGAAGT CGTTGCCAAT GTATTGTTCG 
-1673 CTGAGGTCTC TTTGTCAAGT ATTACACTCG GCAAAGACTG TGCCGAGTGT 
-1623 TTTTCAGACT TTGCCGAGTG GTTTAAGCAC TCAGCAAAGC GCTCGATTTC 
-1573 GGTAGTGACG GTTGTTTGGC AATAGTAAAA TCCAGCCCTC TCCCGTGGGG 
-1523 AAAAAACTGG TAGGATCTGG CTCGTGGCTA AGATTCTCTT TCTTCCCTTT 
-1473 GTAAAAAAAG AGAAGAAAAA AAAAACGACT GTCACGGTGC CTTGTCTGGT 
-1423 AATGATCGCG CGGTCGGCTC TGTCCTAACC CGTAAGATGG ACGGGAGCTG 
-1373 ATGATAGCGT GACCTCCAAA TAAACAACAA GGGCGTGTTC CCCGCGGTCG 
-1323 AATATTTTAA GGGCCACTGA TTAGGTGCGG TTGAATACAT CAACTTCACG 
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-1273 AACATCATCT GATCTGATCT GA':'TTGGTC':' GATATGATCT GGGTAGTCAT 
-1223 TTCTGCAATG AGCATCTATC AGG':'GAACCA AT':' AA ':'A TTG ATGACATTAT 
-1173 GAGTTCGAAG ATATACTCMA AAGTGTTA':'C TAAATACAGA AGACATTCGT 
-1123 TCGTTCTTTG CCTATAACTC TAAAAGGCTT GTAACACCCT CATTCATCCT 
-1073 CTATATACGA AGACTCTCTC CTATCATTTTTATCGATTTA TTT':'TTTTAT 
-1023 ATTTAGACAA TGGAATTAAA TAGAACTAAA ATATATATAA GATGATATCT 
-973 GAGGACCCGA GATGGTAATG GGGACTCGAT CCTCGATTCT CCACGGAGAA 
-923 TTCCTCTAGG ATATAGGTAA TTTGTCCCCA CGAGGATTGA AACGGGGTAA 
-873 TTTGGTCCCC ATGTGCCCGT CCCGCGAACT TCTCTTGATC TAAATTAGTC 
-823 TATTTCCATG TTAAAACTAT ACTAAAAATT TAATACACAG TCTATTATAA 
-773 AATAGCAA.?J,.C TAAATTCTAA AGTTGATGCA TCTTGTAATT TTAAATCTGG 
-723 TTTGTTCAAG TTATATTCAT TTGATATAAT AAATTTGAAT TTGACTCTTA 
-673 ATATCGTATT TTTTCCTAAC GGGGACGGAT TCTCCACGGG GATAAATTCC 
-623 ATGATACAGA TGGGATGAAA GAAAAATCTC CCGTATGAAC TTTTGCAGGA 
-573 ATGGGGATGG GCCAGAGAAA TTTTCTCCCT GCGGGGACGG GGGAGCCATA 
-523 TCCTCGGTGG AGAATTTCCC ATTATCATCC TTATTTGTGG TACATATATA 
-473 TGCATAATCT TTTTTTTTTG ACTGACATGT GGGAAAGTAT CCCATCTCAA 
-423 TAGTAGAAAA TCTTGGGAAC GGTAGGATCG AACACAAAGA TCAGCTAGCT 
-373 TGTAATCACC GAGCCATATA GCTAGAGGGT AATAGATCAT GAATCAAATG 
-323 TTTTTTTCAT AAATTATTAA QGCTCTAAAT TATTTTTAAT TTAAAAATAA 
-273 ATAAAAATAT AGTTCQATTC TTACATTTTA TAGTGTAAAA CTTTAAAGTC 
-223 TATTATTACC CCTACTTATT GAGTTATGGT TCAGTTCTTG TCGACGGAGA 
-173 GTAATGAGAT ATAGAATAAG GTACCCTATA GAATAAAGAA TCTTTCTCTG 
-123 AAAAGTCTGA CGTACGTAAA TAAGATATAA TAAAAAAAAT ACAAAGAGAA 
-73 GCGCTGGACT GGAGATGCTC CTATATGCGG CAATGCCTGT GCTTATAAAT 
+l 
-23 AGCCACCTCG GTCGGCAAGG ACATGAACGG CGGACGCAGT GTG TGC 
igur 4.4 continued 
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only of A and T nucleotides. The same 8 bp motif was also found at -1041 and -2052 (Fig. 
4.4 bold and underlined). In addition. there are several sequence repeats found in the 
region between -2100 and -2330. These include five 9 bp repeats (ACTT ATGIT) and 
three 14 bp repeats (TI ATGlTIGTGTIG) which o erlap with each other, and two 18 bp 
repeats (AT TGTGA TGT AT A TGTG) and fi e 7 bp repeats (TAT ATGT) which o erlap 
with each other. 
Di cu ion 
The zrp2 upstream region contained several AT-rich regions o er the entire 2.6 kbp 
region. AT-rich regions are known to interact with protein factors to cause transcriptional 
regulation in plants (Lam et al. 1990), in yeast ( truhl 1985) and in mammals (Fashena et 
al. 1992). In plants AT-rich binding sites are frequently associated with positive 
regulatory 
elements (Forde 1994). Gel-shift assays with the 1 kbp promoter region showed D A-
protein interactions only with the T-rich region between -330 and -258 (Chapter 3). This 
region is spanned by two 9 bp direct repeats 5' AA T AA lTI A 3' and three 8 bp repeats 5' 
TATTTTT 3' (two direct repeats and the other as an in erted repeat) as shown in Figure 
3 .19. Direct repeats or in erted repeats frequently act as binding sites for protein dimers. 
he presence of these repeated motifs and their protein-binding acti ity strongly suggest 
that this region may be important in regulation of transcription. 
Presence of the same bp motif in the region upstream of the 1 kbp promoter 
uggests the possible in ol ement of these motifs as long-range effectors in transcriptional 
r gulation. They could function as redundant elements or act synergistically in concert 
8..> 
with the other three repeats located in the -330 to -258 region. If this motif acts as an 
enhancer, the latter may explain the mcrease of transcriptional activity with increasing 
length of promoter in the particle bombardment-mediated transient assays in roots. 
The presence of se eral other repeated sequences in the ApaI/-2573 to Hindlll/-194-
region, may also be important in regulation of transcription. The importance of these 
sequences could be determined by 'loss-of-function' and/or 'gain-of-function' studies. 
Comparison of the total 2.6 kbp zrp2 upstream sequence with the sequences in the 
GenBank showed sequence similarities with upstream sequences of a few other genes. The 
region between -1915 and -1564 in reverse showed 66.9% sequence identity with the 
upstream sequence of a zein gene (maize 19 kD protein· MZEZE19A-Accession # 
101243) from maize. The region between -1720 and-1553 showed a 79.5% sequence-
identity with the upstream sequence of a globulin gene (Maize globulin-I gene, 
MZEGLOBO 1 - Accession # L22344 or L22295) from maize. The zeins and globulins are 
storage proteins. The globulins are the major storage protein in maize embryos accounting 
for 10-20% of he embryo protein (Kriz 1989). equence similarity for both of these 
storage protein genes lies between-1913 and-1553 with-1720 to -1564 portion being 
common to both. This may suggest the production of a storage protein as a possible 
function of the zrp2 gene. 
Finally, the region between -2561 and -2514 (147 bp) which is ery close to the most 
5' end of the 2.6 kbp zrp2 upstream region showed 60% nucleotide identity with the maize 
autonomous transposable element En-1. mosaic-protein gene (MZETNE PM -
ccession # M25427). The significance of this nucleotide sequence similarity is unclear. 
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CHAPTER 5: EFFECT OF THE PROTE -BIND G EQUE CE 0 
T CRIPTIO OF THE ZRP2 PROMOTER 
Introduction 
The functional significance of promoter regions on the transcription of genes can be 
analyzed by two approaches. First, they can be analyzed for loss-of-function where the 
acti ity of the promoter with or without the region of interest (5' end or internal promoter 
deletions) is compared. econd, they can be analyzed for gain-of-function where the 
promoter region of interest is placed upstream of a heterologous minimal promoter and 
acti ity is compared. In both approaches a reporter gene is transcriptionally fused to the 
mutated or chimeric promoter, and the level of transcription is assayed. 
In plants, in vivo assay systems such as transient-expression assay systems or stable 
transformation assay systems are widely used in analysis of promoters as compared to in 
vztro transcription assay systems. Only a ery few attempts ha e been made to investigate 
transcription of plant genes in in vitro transcription systems (Arias et al. 1993 · Cooke and 
Penon 1990) mainly due to the lack of a well-defined in vitro transcription system. 
Moreo er use of a homologous in vivo assay system ha e the ad antage of the promoter 
being in its nati e context. Between transient and stable transformation systems the main 
ad antage of the transient system is the ability to obtain results in very few days compared 
to the time needed for transgenic plants to regenerate. Furthermore, the stable 
transformation of monocots has pro en to be difficult (Gordon-Kamm et al., 1991), 
compared to dicots where a well-defined Agrobactenum-mediated D A transfer system 
h be n de eloped and an be applied. 
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Gene-tran fer tem 
There are direct and indirect systems for transfer of genes into plant cells. The 
bacterium Agrobacterium tumefaciens is the gene-transfer intermediate most frequently 
used in indirect gene transfer for higher plants. The bacterium is naturally capable of 
transferring a piece of D A into the genome of most dicotyledonous plants (Fraley et al., 
1986· Bev~ 1984). The natural host-range of Agrobacterium is limited to dicots, and 
reports of Agrobacterium-mediated gene transfer into monocots are few (reviewed in 
Hooykaas 1989). 
Commonly used direct transfer methods include polyethylene glycol (PEG)-mediated 
or calcium-mediated uptake of D A, or electroporation of naked D A into protoplasts or 
cell suspension cultures (Gio inazzo et al., 1992) micro-injection of D A into embryos 
euhaus et al. 1987) or protoplasts (Reich et al. 1987), and D A-coated microparticle 
bombardment of intact cells (Klein et al., 1988a and b ). Direct transfer methods can be 
used for stable or transient introduction of D A and are instrumental in stable 
introduction of foreign D A into monocots (D'Halluin et al. 1992). Transgenic plants are 
generated at low frequencies following direct transfer of foreign D A into intact cells by 
electroporation or rnicroparticle bombardment (re iewed in Potrykus, 1990). 
Tran formation by microprojectile bombardment 
Bombardment with rnicroprojectiles has become one of the major techniques for the 
transformation of plant cells. This technique does not suffer from many of the restrictions 
haracteristic of other techniques. otably, there is no host range limitation and 
bombardment is not restricted to certain specific tissues or cell types. Apart from that, this 
technique is much easier and less time-consuming to perform than the tedious task of 
86 
microinjectmg embryos. Particle bombardment is the only a ailable technique for direct 
transfer of genes where the cell wall need not be considered as an obstacle (Hamilton et al., 
1992). For these reasons this is the most con enient technique applicable to species such 
as maize (Gordon-Kamm et al., 1990), sugarcane (Bower and Birch, 1992), rice (Christou 
et al. 1991) and wheat (Vasil et al., 1992· Weeks et al. 1993). 
However, this method has a number of limiting factors as well. Apart from the 
technical considerations including the type of particle gun and experimental set-up some 
tissues may be resistant to particle penetration due to a strong cuticle lignified cell walls or 
a surface covered with trichomes. Moreover as only a small fraction of the cell population 
is penetrated by a particle, efficiency of transformation is low. 
Parameter /function of the PD -1000/He particle gun 
In this study the helium-dri en PD -1000/He particle gun was used to bombard D A-
coated tungsten particles into seedling roots and lea es of maize. diagram of the set-up 
is shown in Figure 5 .1. The efficiency of bombardment is determined by the nature and 
size of the rnicroparticles, and by se eral other instrument parameters. The choice of the 
rupture disk which is designed to rupture at a particular pressure determines the pressure 
of the helium that enters the bombardment chamber which in tum determines the elocity 
to which the microparticles are accelerated. When the rupture disk bursts the helium 
shock wa e dri es the macrocarrier carrying D A-coated microcarriers on its front 
urfac , towards the stopping screen. The stopping screen retains the macrocarrier while 
allo ing th coated particles to pass through to penetrate the target cells at the bottom of 
the bombardment chamber. 
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rupture disk 
macrocarrier 
DNA-coated microcarriers 
stopping screen 
target cells 
Fi!!llre 5.1 chematic representation of the PD -1000/He system (not to scale). X, Y and 
Z are the adju table distances that influence the elocity of the microcarriers that hit the 
target cells. . Rupture disk-macrocarrier gap distance. Y. Macrocarrier tra el distance. 
Z. Target distance. 
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nal is of the zrp2 promoter b particle bombardment-mediated tran ient a ay 
Analysis of the first kbp of the zrp2 promoter for D · -protein interactions that may 
be in ol ed in root-preferential transcription re ealed that the reg10n -379 to -258, relative 
to the transcription start site, interacts differentially with nuclear protein extracts of roots 
and leaves (Chapter 3). Gel-shift analysis with this region showed a D A-protein complex 
common with both root and leaf (base) nuclear protein extracts (Z2BP 1 ). ~ complex 
predominantly formed with root nuclear protein extract (Z2BP2), and a complex 
predominantly formed with leaf nuclear extract (Z2BP3). 
To investigate whether cis-acting elements contained in this region are responsible for 
conferring root-preferential transcription, an internal deletion of the promoter including 
this region was tested for transcriptional ability. Transcriptional activities of the 1 kbp and 
the total 4.7 kbp promoter with or without the internal deletion were compared in 
microprojectile bombardment-mediated transient expression assays. 
Material and Method 
rowth of eedling 
Maize (Zea may L. c KH3 l) seeds were surface sterilized in a 50% commercial 
bleach solution for ten minutes, rinsed three times with sterile water and imbibed for one 
hour. pproximately 50 seeds were placed on sterilized germination paper which was 
then rolled and placed ertically in a polyethylene container containing 5 to 8 inches of 
terile at r. eedlings were grown at 30°C under a 12 h light/12 h dark cycle in a growth 
hamber (as in Held, 1993). 
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Harve t and preparation of plant material for bombardment 
Roots from three-day-old seedlings and leaves from five-day-old seedlings were 
harvested for bombardment. Approxrmately 3 cm of the terminal part of roots were 
excised with a razor blade. Primary lea es were harvested by gradually pulling the leaf 
from the sheath (as in Held, 1993). 
Approximately 10 to 15 roots or 5 to 10 lea es were placed on sterile 1 % water agar 
plates 2 inches in diameter, lined with sterile Whatman filter paper moistened with sterile 
distilled water. They were aligned in parallel at approximately equal distances apart, 
alternating in opposite orientations (Fig. 5.2). Plant materials were prepared for 
bombardment just prior to precipitation of D A on microparticles. 
D con truct u ed for bombardment 
ix different promoter/GU constructs were used in the transient expression assays: 1) 
p1068, 2) p-35 1068 3) pZ2.lEATG in 1068 4) pZ2.lEATG(-136) in 1068, 
5) pZ2.47 TG in 1068 and 6) pZ2.47 ATG(-136) in 1068 (Fig. 5.3). The plasmid 
p 1068, containing the 35 promoter, the intron 6 sequence of alcohol dehydrogenase 
(INV6), the (3-glucuronidase (GU ) coding sequence and the opaline synthase terminator 
0 ) sequence in transcription fusion, were obtained from andozJNorthup King 
Corporation. The promoterless construct (-35 ) was constructed by restriction digestion of 
pl 068 with acl to e cise the 3 5 promoter followed by religation. The plasmid 
pZ2. l E TG in 1068 was constructed by digesting out the acl to Xhol fragment from 
pZ2. lE TG in pBluescript K, which contains the first kbp of the zrp2 promoter up to the 
putative translation start site (-976/EcoRV to +62/ATG), and by cloning the excised 
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Figure 5.2 Fi e-day-old leaves and three-day-old roots of maize prepared for 
bombardment with D -coated tungsten particles. 
4.7 kbp 
5' 
4 7 kbp-136 bp 
5' 
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IVS6 GUS NOS 
~11111 1 3 1 
() ~11111 1 3 1 
1 kbp 
5' ~1111113 ' 
1 kbp-136 bp 
5' I ()I ~111111 3' 
35S 
5' ~11111 1 3' 
-35S 
5' 1~111111 3' 
igure 5.3 Promoter/GU fusion constructs used in the particle bombardment-mediated 
transient-e pre sion as a . 136 bp region containing the protein-binding sequences was 
remov d from thel kbp (1 kbp - 136 bp) and the 4 7 kbp (4.7 kbp -136 bp) zrp2 promoter. 
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fragment into the XhoI- and ad-digested pl068 (Held. 1993) imilarly the plasmid 
pZ2.4 7 TG in 1068 was constructed b] digestmg out the ad to XhoI fragment from 
pZ2.47 ATG in pBluescript K, which contains the total 4 7 kbp zrp2 promoter up to the 
putative translation start site ( all to 62/ TG) and cloning the excised fragment into th 
Xhol- and ad-digested p 1068. s the result both pZ2. l EATG in p 1068 and 
pZ2.47 TG in pl068 were generated which contained 1 kbp and 4.7 kbp of the zrp2 
promoter respectively (Held, 1993). 
Plasmids pZ2.l(-136)E TG in 1068 and pZ2.47(-136) ATG in 1068 containing 1 
kbp and 4.7 kbp zrp2 promoter sequences with an internal deletion removing the protein-
binding (as observed in Chapter 3) region, were obtained through the following steps. 
First, the plasmid pZ2(497-136) in pGem 1.0 containing -472 sil to 25/ phl 
region of the zrp2 promoter with protein-binding sequences deleted was constructed. To 
delete the 136 bp -394/TaqI to -258/Taql region contairing all the observed protein-
binding activity the plasmid pZ2(497) (Fig. 3.2B) was digested with sil and all to 
remove a 292 bp fragment from -472 sil to -180/ all. Both the fragment and the vector 
containing the -180/ all to + 25/ phI region were gel punfied by Gene Clean. The -
4 72 sil to -18 0/ all fragment was digested again \\-ith T aql, which generated three D A 
fragments of 82 bp (-472 sil to -394 aql) 136 bp (-394/TaqI to -258/Taql), and a 78 bp 
(-258 aql to -180/ all). The 82 bp fragment, 78 bp fragment and the ector containing -
I 0/ all to +25/ phI were religated to form pZ2(497-136) in pGeml.O (Fig 5.4). 
econdly the -472 sil to 251 phl unmutated region was replaced with the mutated -
472 sil to +251 phi in the plasmid pZ2E in pGem 1.0, generating the plasmid pZ2(-
136)E in pGem 1.0. To replace unmutated -448/Afllll to +25/ phi of pZ2E in pGem 
1 O with the mutated Afllll to phi region the plasmid pZ2(497-136) in pGem 1.0 was 
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pZ2(497)NS in pGem 1.0 
Nsil Taql Taql Sallffaql 
-472 
1 Sall/Nsil 
sil Taql Taql Sall 
+ Nsil 
l Taql 
Nsil Sall 
KSS\\j I v77774 
136 bp 
ligation 
in pGem 
Sphl 
+25 
Sall 
igure 5.4 onstructlon of the plasmid pZ2(497-136) in pGem 1.0. This plasmid was 
generated b J deleting the protein-binding region from the plasmid pZ2( 497) in pGem 
1.0. The flanking regions of the deleted sequence is indicated by hatched area. 
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fust subjected to restnctton digestion b) AflIIL which cut the plasmid in two places. One 
of the products contairnng the mutated AflITI to pbl and some vector sequences was 
isolated and subjected to digestion by phI which generated an AflIII to phl fragment 
containing the mutated sequence. eanwhile the plasmid pZ2E in pGem 1.0 was 
partially digested with flIII by modifying the digestion conditions to obtain 
predominantly flIII-lmearized plasmid. Isolated linearized plasmid was digested with 
phl which yielded a 1336 bp a 2290 bp, a 3286 bp and a 472 bp fragment. The 3286 bp 
fragment containing the sequence of the promoter from the most 5' end to the -448/ AflITI 
was isolated and ligated with the abo e AflIII- pbl fragment with deleted protein-binding 
sequence to form pZ2(-136)E in pGem 1.0 (Fig. 5.5). 
Thirdly, the -976/EcoRV to +25/ phl region in pZ2.lEATG in pBluescript 
K was replaced with the mutated -97 6/EcoRV to + 25/ phl to generate pZ2. l (-
136)EA TG in pBluescript K. imilarly, the -448/AflIII to +25/ phl region in 
pZ2.47 ATG in pBluescript K, was replaced with the mutated -448/Afllll to +25/ phl to 
generate pZ2.47(-136) TG in pBluescript K. To replace the intact EcoRV to phl 
region in pZ2.1E TG in pBluescript K with the EcoRV to phl fragment from pZ2(-
136) containing the mutated sequence, both plasmids were digested with EcoRV and 
phl indi idually. The resultant pBluescript K ector sequence containing phl to Xhol 
of the promoter was isolated and ligated with the mutated EcoRV to phl fragment to form 
pZ2.l(-136)E TG in pBluescript K (Fig. 5.6). To replace the intact-448/AflIII to 
+ _5/ phl of pZ2.4 7 TG in pBluescript K by the mutated flIII to phl the plasmid 
pZ_.47 TG m pBluescnpt K was first subjected to partial restriction digestion by 
flIII. To obtain predominantly AflIII-linearized plasmid the digestion conditions were 
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c2ES in pGem 1.0 ~ 
I I 
EcoAV Nsil Nsil Afllll Sall Spshl 
-976 -742 -472 -448 -180 2 
lpartial digest with Afllll 
Afllll 
.__c; _ ___,~ + ~ 
3636 bp 
+ c:;, Afllll 
3636 bp 
products of single digestion products of double digestion 
Afllll 
~90 
Sphl 
pZ2(497-136)N 
l Sphl 
3286 
+~1 
Afllll 
472 
c::::J 
Afllll Sphl 
Afllll Sphl Eco AV Sphl 
L'fJ pZ2(-1 3 )ES 
in pGem 1.0 
Fimre 5.5 Construction of the plasmid pZ2(-136)E in pGem 1.0. This plasmid was 
generated by replacing the intact -448/AflIII to .;...25/ phI region of pZ2E in pGem 1.0. by 
the mutated -448/AflIII to +_5 phl region from pZ2(497-136) in pGem 1.0. 
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pZ2.1 EATG in pBluescript SK 
EroRV 
-976 
Eco RV 
pZ2(-136)ES 
in pGem 1.0 
1 EcoRV/Sphl 
Sphl Xhol 
I ISfJ I 
Eco RV Sphl 
~RV/Sphl 
Sphl 
+25 
Xhol 
Eco RV 
pZ2.1(-136)EATG 
in pBluescript SK 
Sphl 
Figure 5.6 onstruction of the plasmid pZ2.1(-136)EATG in pBluescript K. This 
plasmid wa generated by replacing the mtact -976/EcoRV to +25/ phI region of 
pZ-.1 E T in pBluescript K. by the mutated -976/EcoRV to +25/ phI region from 
pZ2(-136)E in pGem 1.0. 
Xhol 
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adjusted. Isolated 7.7 kbp linearized plasmid\ as digested with phl which yielded a 7.4 
kbp, a 5.1 kbp a 2.6 kbp and a 472 bp fragment. The 7 4 kbp fragment containing the 
sequence of the most of the promoter, was isolated and ligated with the mutated AflIII-
phI fragment from pZ2(-136)E , to form pZ2.47(-136) TG in pBluescript K (Fig. 
5.7). 
Finally the 35 promoter in pl068 was replaced with mutated 1 kbp and 4.7 kbp zrp2 
promoter fragments to generate pZ2.1 (-136)EATG in I 068 and pZ2.4 7(-136) A TG in 
1068 respecti ely. To replace 3 5 promoter with mutated zrp2 promoters, both Z2.1 (-
l 36)EA TG in pBluescript Kand pZ2.47(-136) ATG in pBluescript K were digested 
with acl and Xhol, and the excised mutated promoter :fragments were cloned into acI-
and Xhol-digested p1068, to generate Z2. l(-136)E TG in pl068 and pZ2.47(-136) ATG 
in pl068 (Fig. 5.3). 
Preparation of D -coated microcarrier 
The Ml 7 tungsten particles were used as microcarriers. Plasmids containing the 1 kbp 
and the 4. 7 kbp zrp2 promoter :fragments with or without the internal deletion along with 
35 and -35 promoters as positi e and negati e controls, fused to the GU coding region 
were used to coat rnicrocarriers. The procedure for microcarrier preparation and 
precipitation of D onto microcarriers was essentially as described by anford et al. 
(1992). 
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pZ2.47SATG in pBluescript 
Sall Hindi II EcoRV Alllll Sphl Xhol 
Alllll 
lpartial digest with Afllll 
+~ ~ Alllll + ( Alllll d + 1-(--------. 
7.7 kb 7 7 kb 
products of single digestion 
products of double digestion 
pZ2(-136)ES 
in pGem 1.0 
l Sphl 
Alllll 7.4 kb \6kb 
Sphl 
+~1 
Afllll 
472 bp 
CJ 
Alllll Sphl 
Alllll Sphl 
LVJ I 
Sall Eco RV 
pZ2.47(-136)SATG 
in pBluescript SK 
Figur 5. onstru tion of the plasmid pZ2.47(-136) ATG in pBluescript K. This 
plasmid ' as generated by replacing the intact -448/ AflIII to _.__ 25/ phl region of 
pZ_.47 T m pBluescript K, by the mutated -448/AflIII to +25 ' phi region from pZ2(-
136)E in pGem 1.0. 
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ran ient-e pre ion a a 
Helium-driven PD -1 OOO'He particle gun was used to deh er tungsten particles coated 
with D A into 3-d-old roots and 5-d-old leaves. Each petri plate containing root or leaf 
material was bombarded once with microcarriers coated with 5 µg of D A. Conditions 
used were as in Held (1993). The gap distance between the rupture disk and macrocarrier 
was set to 8 mm, macrocamer tra el distance was set to 8 mm and the target distance was 
set to 6 cm. Chamber acuum was set at 28 inches Hg (0.06 atm), and the helium pressure 
was set at 1100 psi. 
After bombardment the roots were incubated in darkness, and the lea es were 
incubated in light at 2soc for approximately 24 h. The leaves and roots were transferred 
to new perti dishes, using the Whatman paper they were placed on and incubated in 5.0 ml 
of buffer [0.1 M odium phosphate (pH 6.8), 0.5 mM K3Fe(C 6 and K4Fe(C 6, 0.01 M 
EDT , and 0.1 % Triton-X-100) containing 0.5 mg/ml X-Glucuronidase (X-Gluc 
Clontech), which is the histochemical substrate for the GU enzyme. Roots and lea es in 
- luc solution was incubated at 37°C in the dark for 15-20 h. Blue spots were counted 
under a 1 OX stereo microscope. 
Re ult 
sing particle bombardment-mediated transient assay, Held (1993) had demonstrated 
that the first kbp of the zrp2 promoter most proximal to the transcription start site is 
apable of directing transcription in roots and leaf bases of maize. 
To in esttgate \: hether cis-acting elementls located in the promoter region that 
bowed differential patt m of D -protein interactions, with leaf and root nuclear protein 
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extracts, is responsible for root-preferential transcription of zrp2. this region was deleted 
and tested for transcriptional activity. Particle bombardment-mediated transient assays 
were used to measure the transcriptional acti ity of the 1 kbp and the 4. 7 kbp promoter 
fragments, with or without the protein-binding region. The coding region of GU was 
used as the reporter gene, and two other constructs 35 /GU and a promoterless -3 ~ /GU 
were used as controls. 
In bombardment experiments the transiently expressing cells appear to correspond to 
those cells in which the particle has hit the nucleus (Yamashita et al., 1991). In this assay 
transcriptional activity of the promoters were quantified by counting the number of blue 
spots appeared on the lea es and roots, after incubation with the X-Gluc substrate as done 
by Held 1993. Quantification by counting the blue spots has proven to be reliable as the 
histochemical GU enzyme assay in analysis of a rice promoter in stable transformants 
(Luan and Bogorad, 1992). Moreo er, this method a oids error due to background 
fluorescence, probably contributed by contaminating epiphytic or endophytic bacteria or 
secondary compounds in plants (Jefferson, 1987; Held, 1993). 
The transcriptional activity of the 1 kbp and the full 4.7 kbp zrp2 promoters were 
compared with corresponding mutated promoters in roots (Fig. 5.8), and lea es (Fig. 5.9). 
The mutated 1 kbp promoter with the protein-binding region deleted, showed fi e-fold-less 
activity than the 1 kbp promoter in roots (Fig 5.8). Howe er the comparison of promoter 
activity between the 4.7 kbp and the mutated 4.7 kbp zrp2 promoter did not show a 
significant difference (Fig. 5.8). In accordance with the observations made by Held 
(1993), the 35 promoter showed the highest transcriptional activity and the 4.7 kbp 
promoter showed appro imately 3-fold-higher acti ity than the 1 kbp promoter fragment. 
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The promoterless -35 construct showed irtuall) no transcriptional acti\ ity, confirming 
that the blue spots are a result of the transcriptional activity of the promoters. 
In leaves both 1 kbp and the 4. 7 kbp promoters showed activity primarily in the basal 
region of the leaf while the leaf blade area contained ery few spots. Con ersely, the 35 
promoter acti tty appeared throughout the enhre leaf. This pattern of distribution of the 
spots are similar to that observed by Held (1993). Because of this une en distribution of 
the spots, the number of spots in leaf base and leaf blade areas were taken into account 
separately and were represented as a percentage of the number of spots appeared on the 
corresponding region of lea es bombarded with the 35 promoter. Comparison between 
the intact and the mutated promoters (both 1 kbp and 4.7 kbp) showed no significant 
difference in transcriptional acti ity in both leaf base and leaf blade areas (Fig. 5. 9). The 
4.7 kbp promoter was less than two-fold more acti e than the 1 kbp promoter in lea es. 
The activity of the 35 promoter remained the highest and the promoterless -35 construct 
showed insignificant le el of transcriptional acti ity as in roots (Fig. 5.9). 
Di cu ion 
In estigations of the zrp2 promoter for D A-protein interactions using gel-shift 
assays, re ealed that a 121 bp, -3 79 to -25 8 region (relative to the transcription start site), 
int racts differentially with nuclear proteins from lea es and roots (Chapter 3). 
omparison of the transcriptional acti ity of the 1 kbp promoter fragment, with or without 
the above protein-bindmg region using the particle bombardment-mediated transient 
says in roots, howed fi e-fold-less acti 1ty when the protein-binding region was deleted. 
(Fig. 5.8). These data md1cate that this region is important in the le el of transcription of 
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the zrp2 gene m roots. Analysis of the sequence of this region re ealed three 8 bp repeats 
and two 9 bp repeats, consisted entrrely of and T residues located in this region (Chapter 
3 ). These results may indicate the presence of a enhancer element in this region which is 
capable of enhancmg the transcriptional le el of the zrp2 gene in roots. 
Comparison of the transcriptional acti ity of the 4.7 kbp promoter with or without the 
protein-binding region m roots showed no significant difference in activity (Fig. 5.8). If 
this region contains an enhancer element for roots deletion of this element should show 
reduced acti ity unless there are other upstream sequences that are capable of enhancing 
the transcription in the absence of the proximal enhancer element It is possible that the 
upstream sequences may contain redundant long-range enhancer elements. Presence of 
long-range enhancer elements may explain or may contribute to the higher activity of the 
4.7 kbp promoter compared to the 1 kbp promoter (Fig. 5.7 and Held, 1993). Analysis of 
the sequence of the upstream region re ealed the presence of two additional copies of the 8 
bp repeat located at - 1041 and -2053, relative to the transcription start site (Chapter 4 ). 
Together, these data suggest that this motif may function as an enhancer element in roots. 
In lea es, the 1 kbp and the 4. 7 kbp promoters showed no significant difference in the 
transcriptional acti ity hen the protein-binding region was deleted. Absence of a 
ignificant decrease in transcnptional acti ity between the intact and the mutated 1 kbp 
promoter in lea es, suggests that the abo e putati e enhancer element located in this 
region, functions in roots but not in leaves and therefore is not a general transcription 
factor. Mor o er if this region contained a repressor element for lea es, deletion of this 
region would ha e resulted m increased transcriptional acti ity unless there is a redundant 
n g ti e element located inside the 1 kbp region. These results indicate that this region 
alon doe not a t a a negati e element or as an enhancer element in leaves. 
Comparison of figures 5.8 and 5 9 show that the overall transcriptional activity of the 
zrp2 promoters are higher m lea es than m roots However, the transcriptional activity 
between root and lea es are not directly comparable as they are represented as a 
percentage of the acti ity of the 35 promoter which could be different between roots and 
leaves. Moreover the differences in the shape characteristics of the surfaces. surface area. 
and the hardness (degree of lignification) of roots and lea es contribute to differences in 
microparticle penetrating efficiency (Hunold et al., 1994). 
In transient expression systems the D A need not integrate into the host genome. 
Therefore, the expression of the transferred gene will not depend on neighboring sequences 
in the recipient D A, and thus there will be no position effects (Kuhlemeier et al., 1987 ). 
This is an ad antage of transient expression systems o er stable transformation. 
on ersely the absence of chromatin structure around the introduced D A may influence 
the regulation of transcription, thus deviating from its normal regulation of transcription in 
vivo. Moreo er the inability to control the copy number of the D A introduced in particle 
bombardment-mediated transient assay system is a disadvantage o er stable transfonnants 
where a gene can be stable and present in single copy. Presence of multiple copies of 
promoter D in a single nucleus is not reflecti e of the in vivo condition. This could 
result in an excess of cis-elements m comparison to trans-acting protein factors in a 
nucleus abolishing the delicate balance between the binding factors and binding sites 
which is important in regulation of transcription. The affect could be drastic on repressor 
elements which inhibit transcription when bound by repressor proteins. Excess of cis-
acting repressor elements may titrate out the repressor proteins present in a nucleus 
allowing the e cess copies of the promoter to be transcribed without hindrance. This could 
be the situation with the zrp2 promoter in leaves (Held, 1993). This phenomenon does not 
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affect enhancer elements as much because e en if the activator proteins get titrated out_ 
due to the promoter fragments that are already bound by the activator protein. final result 
would be an enhancement of transcnption. 
Moreo er, an excess of cis-elements may pre ent the competition for binding between 
specific and related protein factors. Therefore, the abundance or the binding affinity of the 
specific factor, which normally would play an important role in specificity of binding ma 
not be sufficient to pre ent other factors from binding to the cis-element. 
10 
CHAPTER 6: GE RAL Y AND FUTURE GOAL 
The main goal of this study is to identify regions of the zrp2 promoter that are 
responsible for or associated with root-preferential transcription. Promoter D 
sequences from maize that could direct or enhance the transcription preferentially in roots 
may be useful in genetic engineering of agronomically important cereal grains. 
Interactions between D and protein factors are known to modulate regulation of 
transcription. Therefore, to identify regions of the zrp2 promoter that positi ely regulate 
transcription preferentially in roots as compared to lea es interactions between zrp2 
promoter D A and protein factors from crude nuclear protein extracts of lea es and roots 
were in estigated to detect any D A-protein binding activity that is different between 
roots and lea es. The first kbp of the zrp2 promoter region proxunaJ to the transcription 
start site was chosen as it had been shown that this I kbp promoter fragment is capable of 
directing transcription in roots (Held, 1993), and generally elements that are responsible for 
organ or root-specific transcript10n are located within the first kbp of the promoter region. 
s a control experiment for the presence of binding activity in the crude nuclear protein 
extracts of 3-d-old roots and 5-d-old lea es from maize interactions between nuclear 
e tracts and the ocs-element of octapine synthase gene were analyzed prior to the 
in estigation of D -protein interactions with the zrp2 promoter (Chapter 1). Results of 
this in estigation confirms the capability of factors in the crude nuclear protein extracts of 
maize roots and lea es to interact with its specific binding site. 
el mobility-shift assays with the l kbp zrp2 promoter exhibited a differential D A-
protein binding pattern bet\ een root and leaf nuclear protein extracts with the D A 
equence from -.+7_ to -1 0 relati e to the transcription start site (Chapter 3). The 
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protein-binding region was delimited to a 121 hp reg10n (from -379 to -258) which sho ed 
72% nucleotide identity with a root-preferentiall) expressed a-tubulin gene from maize. 
The high nucleotide identity m this region may indicate the possibility of this region's 
in ol ement in root-preferential transcription. Two D A-protein complexes were 
observed with each nuclear protein extract. The complex with higher electrophoretic 
mobility (Z2BP1) was observed with both leaf and root nuclear protein extracts. The 
complexes Z2BP2 and Z2BP3 were observed exclusi ely with root and leaf nuclear protein 
extracts, respecti ely. Competition assays with non-labeled specific and non-specific 
competitor D A showed that these interactions were specific. The use of a shorter 
fragment such as the 73 bp D A :fragment in competition assay could ha e exhibited the 
competition assay with root nuclear extracts more clearly as the separation between the 
complexes an the free probe is better with the shorter probe. Further use of multiple non-
specific competitors could ha e further demonstrated the specificity of the D A-protein 
interaction. pecifically, the use of an AT-rich non-specific competitor could have clearly 
shown whether the protein factors bind to the specific sequence elements or to any AT-rich 
D A. Howe er, absence of binding to the 36 bp or the 40 bp D A fragments which are 
highl T-rich shows that the interactions are likely to be sequence-specific. 
The abo e results indicate that the promoter fragment interacts with nuclear factors in 
an organ-specific manner. These organ-specific differences in D A-protein interactions 
correlat with the observed organ-preferential transcription acti ity (Held, 1993), thus 
providing circumstantial e idence for this promoter region's in ol ement in regulation of 
transcription in an organ-preferential manner. Two hypotheses that can be deri ed from 
these observations are: 1) the interactions between promoter D A and protein factors that 
ar r ponsible for the formation of the Z2BP2 complex enhance the level of transcription 
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in roots· and/or 2) the interactions responsible for the formation of the Z2BP3 comple 
represses the level of transcription m lea es. Furthermore, the high nucleotide identity of 
the protein-binding region with a region of another root-preferential gene provides 
additional support for this region's in olvement in root-preferential transcription. 
The effect of the protein-bmding region on the le el of transcription of the 1 kbp and 
the total 4. 7 kbp promoters were analyzed by comparison of the transcriptional acti ity of 
promoter/GU fusion constructs in particle bombardment-mediated transient assays in 
maize root and lea es. The transcriptional activity of the 1 kbp promoter, with the protein-
binding reg10n deleted, showed 5-fold-less acti ity than the intact 1 kbp promoter in roots 
whereas no significant difference in activity was observed in lea es indicating the 
presence of a positi e element in this region which acts as an enhancer specifically in 
roots as compared to lea es. 
Comparison of the transcriptional activity of the 4.7 kbp promoter, with or without the 
protein-binding region in roots showed no significant difference in activity indicating the 
presence of other sequence elements in the upstream region which act as long-range 
enhancers capable enhancing the transcription in the absence of the proximal putative 
enhancer element. Presence of such long-range enhancer(s) may explain the 3-fold-higher 
transcriptional acti ity of the 4.7 kbp promoter than the 1 kbp promoter. Presence of 
additional copies of the 8 bp repeat (TAI I fTTA) at -2053 and -1041 may suggest 
possible in olvement of this motif as the putati e enhancer element in roots. 
significant le el of trancnptional activity was observed in roots and bases of lea es 
as compared to ery low acti ity in leaf blades. This led to the analysis of D A-protein 
interactions betwe n leaf bases and leaf blades to in estigate whether there are any 
differences in binding acti\ it) between leaf bases and blades and any similarity between 
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leaf bases and roots. The data indicate that Z2BP1 is formed in abundance v.i.th nuclear 
protein extracts from roots and leaf bases, and barely detectable with nuclear protein 
extracts from leaf blades. Consequently, the higher transcriptional acti ity in roots and leaf 
bases correlates with the presence of Z2BP 1 and the absence of transcriptional activity in 
leaf blades correlate with the absence (or ery low abundance) ofZ2BPl suggesting an 
in ol ement of Z2BP 1 in transcriptional acti ity in transient assays. 
The rotein-binding region was subsequently delimited to a 73 bp region from -330 to 
-258 without a loss of binding acti ity. Analysis of the sequence of the 73 bp region 
showed the presence of two 9 bp direct repeats (5' AATAATITA 3') and three 8 bp repeats 
(T ATTT 11 ) consisting only of A and T residues. Generally, both AT-rich regions and 
repeated sequences are known to interact with protein factors regulating transcription of 
eukaryotes. 
Attempts to further delimit the binding sites resulted in loss of binding activity. Of the 
two double stranded oligonucleotides spanning the 73 bp fragmen~ only the 38 bp D A 
fragment (3' end) showed binding acti ity. With the 38 bp fragment, only Z2BP1 and 
Z2BP3 were observed with Z2BP3 in low abundance. Decreased binding acti ity may be a 
result of loss of sequences that participate or facilitate binding probably located in the 
periphery of the specific binding site. This observation lead to the speculation that the 
equences responsible for the format10n of Z2BP3 may be located near the 5' of the 38 bp 
D fragment. Inability to detect Z2BP2 with either 36 bp or 38 bp D A fragments lead 
to th hypothesis that the binding site may ha e been di ided by the separation of the 73 bp 
r gion into two fragments. Howe er, the absence of Z2BP2 could be due to a requirement 
of equences located in both fragments for binding. ome possible simplest models for 
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interactions between the zrp2 promoter and transcript10n factors were proposed based on 
these observations. 
Conserved T-rich sequence motifs are present in promoter regions of a number of 
plant genes. The 9 bp direct repeat A TTT AA T AA shows similarity to cis-elements ha ing 
the consensus sequence T/AAT3-4A1_2. The 8 bp repeat T TI I IT closely resembles the 
consensus sequence of the conserved A T-1 box, AA TAT I I n A TT. AT-rich cis-elements 
ha e been reported to act as positi e or negati e regulatory elements. Therefore, a definite 
role for T-rich sequence elements in transcription of plant genes remains unclear. 
According to Forde (1994) there are two distinct types of nuclear proteins (HMGI-like 
and AT-rich binding factors-ATBFs) that interact with AT-rich upstream elements. Based 
on the criteria of Forde ( 1994) according to the characteristics observed complexes 
Z2BP3 Z2BP2 and probably Z2BP1 fall in to the category of ATBFs. Binding factors of 
TBF-type are widespread among dicots and evidence for occurrence is limited in 
monocots (Forde, 1994). Based on this the nuclear factors responsible for the complexes 
Z2BP3 Z2BP2 and probably Z2BP1 are among the first few ATBF-type binding factors in 
monocts. 
Further in estigations of the effect of protein-binding sequences on transcription could 
be accomplished by gain-of-function studies where se eral copies of the protein-binding 
sequence are fused to the 5' end of a minimal promoter/reporter gene fusion constructs and 
transcriptional acti' ity i assayed. The e act binding sites for these complexes could be 
in estigated by footprint anal) sis. For this an in vitro method such as the D ase I 
footprint or an m vi o method such as DM footprinting can be used. The exact nucleotide 
r quirement for each binding site could be in estigated by modifying the site with point 
mutations and performing gel mobility-shift assays. In parallel, these mutated D A 
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fragments could be used in gain-of-function studies to detenrune exactly which D 
protein interaction is responsible for root-preferential transcription. Howe er. both gel 
mobility-shift assays and particle bombardment-mediated transient assays could deviate 
from the normal m vivo situation, due to the introduction of excess of cis-elements. 
Therefore, use of stably transformed maize plants with zrp2 promoter fragments/reporter 
gene fusion constructs would be desirable for analysis of transcriptional regulation. 
There are other direct approaches to test whether these protein factors actually play a 
functional role in transcription. One way is to use an in vitro transcription system and test 
the transcriptional acti ity in the presence or the absence of the purified transcription 
factor. To get purified transcription factors the genes encoding the transcription factor 
must be cloned first and expressed in bacteria or yeast. The cloning is commonly done by 
screening a cD A expression library from the particular organ of the plant with labeled 
D A fragment containing the specific cis-element. 
Another way of determining the effect of a transcription factor on transcription is to 
produce and in estigate plants containing the antisense gene, of the gene encoding the 
transcritption factor. s the antisense RNA form a duplex with the m.RNA rendering it 
unstable, the final protein product will be drastically reduced. Therefore the effect of very 
low le els or the absence of the transcription factor on transcription could be assayed. 
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PPENDIX 
Re triction map of the 2.6 kbp zrp2 promoter: 
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H M 
P M i B b CT 
l n n b o la 
e 1 f s I aq 
I I I I I II 
I 
CTATATACGAAGACTCTCTCCTATCATTTTTA'I'CGATTTATTTTTTTTATATTTAGACAA 
---------+--------- --------- --------- --------- ---------T 
GATATATGCTTCTGAGAGAGGATAGTAAAAATAGCTAAATAAAAAAAATATAAATCTGTT 
E 
T c 
s 0 PS H 
p E AON sa g 
5 M M c D vllApu i B p 
0 s n 0 d a0av59 E c 1 
9 e 1 R e I9IaI6 I c e 
I I I v I IIVIII I I I 
I I' 
TGGAATTAAATAGAACTAAAATATATATAAGATGATATCTGAGGACCCGAGATGGTAATG 
--------- ---------+--------- ---------+--------- ---------+ 
ACCTTAATTTATCTTGATTTTATATATATTCTACTATAGACTCCTGGGCTCTACCATTAC 
T T 
BS s s 
H sa BH B Ep B p 
Ai TpuD T siT sDM Ac5 B s M 5 M B 
ln a23p a mnf asn poO f m n 0 n s 
wf q4An q Ffi Jal oR9 a F 1 9 l i 
II !III I r:r III III I I I I I I 
I II II I / 
GGGACTCGATCCTCGATTCTCCACGGAGAATTCCTCTAGGATATAGGTAATTTGTCCCCA 
-953 ---------+---------T--------- ---------•---------+---------
CCCTGAGCTAGGAGCTAAGAGGTGCCTCT'!'AAGGAGATCCTATATCCATTAAACAGGGGT 
132 
B 
T s 
s s p s 
B B p AB a 1 Bl a 
s s s VS-U a s2 MA T F u !) 
m c 0 ama9 I c8 WC h a 3 p 
F G 9 IFI6 I G6 oi a An 
I I I IIVI I II -I I I I 
I I I 
CGAGGATTGAAACGGGGTAATTTGGTCCCCATGTGCCCGTCCCGCGAACTTCTCTTGATC 
-893 ---------+---------+---------+---------·--------- ---------+ 
GCTCCTAACTTTGCCCCATTAAACCAGGGGTACACGGGCAGGGCGCTTGAAGAGAACTAG 
T T 
s s 
p 1 p 
s ar1 AS M 
0 Is pO s 
9 Ie o9 e 
I II II I 
I 
TAAATTAGTCTATTTCCATGTTAAAACTATACTAAAAATTTAATACACAGTCTATTATAA 
-833 --------- --------- --------- ---------+--------- ---------
ATTTAATCAGATAAAGGTACAATTTTGATATGATTTTTAAATTATGTGTCAGATAATATT 
T T 
s s 
p s c pS 
AS f v N Sf MD 
pO a l. s Oa sr 
o9 R i 9 ea 
II I I I II II 
I 
AATAGCAAACTAAATTCTAAAGTTGATGCATCTTGTAATTTTAAATCTGGTTTGTTCAAG 
-773 --------- ---------+---------T---------+--------- ---------
TTATCGTTTGATTTAAGATTTCAACTACGTAGAACATTAAAATTTAGACCAAACAAGTTC 
T T 
s s 
p p H 
AS APS i M 
pO p 0 n s 
o9 oe9 f e 
II r:I I 
I II 
TTATATTCATTTGATATAATAAATTTGAATTTGACTCTTAATATCGTATTTTTTCCTAAC 
-7 3 --------- ---------+--------- --------- --------- ---------+ 
AATATAAGTAAACTATATTATTTAAACTTAAACTGAGAATTATAGCATAAAAAAGGATTG 
133 
T 
s 
B H B B B p 1 
s iT sDs s AS a x B F 
c nf asm c pO I c c 0 
G fi JaF G o9 I m c k 
I II III I II I I I I 
I I I 
GGGGACGGATTCTCCACGGGGATAAATTCCATGATACAGATGGGATGAAAGAAAAATCTC 
-653 --------- --------- ---------+---------+---------+---------
CCCCTGCCTAAGAGGTGCCCCTATTTAAGGTACTATGTCTACCCTACTTTCTTTTTAGAG 
T 
s H s 
B c a Ca p B 
s v B ve AFS F A s 
c i c9 iI poO a c c 
G R c6 JI ok9 l. G 
I I II II III I I I 
I I I 
CCGTATGAACTTTTGCAGGAATGGGGATGGGCCAGAGAAATTTTCTCCCTGCGGGGACGG 
-593 --------- --------- ---------+--------- ---------+---------
GGCATACTTGAAAACGTCCTTACCCCTACCCGGTCTCTTTAAAAGAGGGACGCCCCTGCC 
T 
s 
NC B B p 
lv s sX AFMS R M 
ai m ac ponO s s 
IJ F Jm ok 9 a 1 
VI I II IIII I I 
II I 
GGGAGCCATATCCTCGGTGGAGAATTTCCCATTATCATCCTTATTTGTGGTACATATATA 
-533 --------- --------- --------- ---------+---------+---------
CCCTCGGTATAGGAGCCACCTCTTAAAGGGTAATAGTAGGAATAAACACCATGTATATAT 
B 
s 
Ap N 
c R fL 1 
v N 1 lU aN B 
i s e Il Is c 
R l. A Il Ip c 
I I I II II I 
I I 
TGCATAATCTTTTTTTTT GACTGACATGTGGGAAAGTATCCCATCTCAATAGTAGAAAA 
- 73 ---------~---------+---------+---------+---------T---------
ACGTATTAGAAAAAAAAAACTGACTGTACACCCTTTCATAGGGTAGAGTTATCATCTTTT 
s 
a 
134 
s 
a cc c c 
DT A u D ABavAvHN v M 
3 pa 3 p lfci "ph i n 
A nq w A n aBJuJhe J 
I II I I I IIII~_II I I 
I Ill 
TCTTGGGAACGGTAGGATCGAACACAAAGATCAGCTAGCTTGTAATCACCGAGCCATATA 
-413 --------- ------------------- --------- ---------+---------+ 
AGAACCCTTGCCATCCTAGCTTG~G TTCTAGTCGATCGAACATTAGTGGCTCGGTATAT 
T T 
s s s 
c a Hl p c p 
ABv u DR iaT 5 v 5 
lfi 3 pc nif 0 s i 0 
. aJ A na fii 9 e J 9 
I:r I II III I I I I 
I 'I 
GCTAGAGGGTAATAGATCATGAATCAAATGTTTTTTTCATAAATTATTAAGGCTCTAAAT 
-353 --------- --------- --------- ---------+--------- ---------+ 
CGATCTCCCATTATCTAGTACTTAGT-TACAAAAAAAGTATTTAATAATTCCGAGATTTA 
T 
s 
p H 
MS MD T iT 
so sr a nf 
e9 ea q fi 
II II I II 
I 
TATTTTTAATTTAAAAATAAATAAAAATATAGTTCGATTCTTACATTTTATAGTGTAAAA 
-293 --------- ---------T--------- --------- ---------+---------+ 
ATAAAAATTAAATTTTTATT~ATTTTTATATCAAGCTAAGAATGTAAAATATCACATTTT 
H 
0 i 
MD r SAnT 
sr d ace a 
ea I lciq 
II I IIII 
I 
CTTTAAAGTCTATTATTACCCCTACTTATTGAGTTATGGTTCAGTTCTTGTCGACGGAGA 
-233 ---------+---------+---------+--------- -------------------+ 
GAAATTTCAGATAATAATGGGGATGAATAACTCAATACCAAGTCAAGAACAGCTGCCTCT 
135 
N H M 
B .RK S iT a 
a asp f nf e 
n Ian c fi I 
I VII _ II I 
I I 
GTAATGAGATATAGAA?AAGGTACCCTATAGAATAAAGAATCTTTCTCTGAAAAGTCTGA 
-173 --------- ------------------- ---------T---------+---------
CATTACTCTATATCT?ATTCCATGGGATATCTTATTTCTTAGAAAGAGAC_TTTCAGACT 
E 
c 
0 
MBS 4 HSB 
s Rasn 7Hafs B 
u seaa Iheap s 
n aIAB IaI G r 
I IIII IIIII I 
I I 
CGTACGTAAATAAGATATAATAAAAAAAATACAAAGAGAAGCGCTGGACTGGAGATGCTC 
-113 ---------+--------- ---------+--------- --------- ---------+ 
GCATGCATTTATTCTATATTATTTTTTTTATGTTTCTCTTCGCGACCTGACCTCTACGAG 
N 
B T c B B 1 
BAI B s a v s s M a A 
set p r q i a i n I c 
lia m D I J J E 1 I 1 
III I I I I I ! I I I 
CTATATGCGGCAATGCCTGTGCTTATAAATAGCCACCTCGGTCGGCAAGGA TGAACGG 
-53 --------- ---------+--------- --------- ---------+---------+ 
GATATACGCCGTTACGGACACGAATATTTATCGGTGGAGCCAGCCGTTCCTGTACTTGCC 
+1 
N 
BCC 1 
E Hcva aNS 
c geic Isp 
1 afR8 Iph 
I IIII III 
I II 
CGGACGCAGTGTGCATGC 
9 ---------+--------
GCCTGCGTCACACGTACG 
136 
Enzym that do cut: 
Acer Acil Afllll Agel Al. l AlwI Alw211 Apa I 
Apo! Aval Avall Bael Ba.'lI BanlI BbsI BbvI 
Beer Bce83I BcefI Beg I Bf a I BprnI BpulOI Bsa-
BsaAr BsaJI BsaWI BscGl BsgI BsiI BsiEl Bsll 
BsrnAI BsrnFI Bsp241 Bsp1286I BspGI BspLUllI BspMI BsrI 
BsrDr BsrFI Bstl1071 BstYI Cac8I Clal CviJl CviRl 
Dder Dpnl DraI DrdII DsaI Eae Eagl EarnllOSI 
Ear: EciI Eco47Ill Eco57I Eco0109I EcoRl EcoRII Eco RV 
Faur Fokl GdiII Hae II Ha el II HgaI HgiEII Hhal 
Hine II HindllI HinfI HphI It a I KpnI Mae II Mae III 
KbolI Mme I MnlI Ms el MslI Ms pl MspAlI MwoI 
NciI NdeI NheI Nla!Il NlalV Nsil NspI NspV 
PleI PspSII Real RleA: Rs a I Sacll Sall Sau961 
Sau3AI Seal Ser FI SfaNI SfcI SnaBl Sphl Sspl 
Sun! Taql Taqll Tf iI Thal Tsp451 Tsp5091 TthllllI 
Vspr Xcrnl Xrnnl 
Enz me that do not cut: 
AatII AflII Alw44I AlwNl ApaBI Asel Avril BarnHl 
Bel I BglI BglII Bpu1102I BsaBI BsaHl BseRI BsrnI 
BspEI BsrBI BsrGI BssHII BstEII BstXI Bsu36I Dralil 
DrdI EcoNI Esp31 FseI Fspl Ha el Hp al MluI 
MscI Mun I Narr NcoI NgoAIV Not I NruI Pac I 
Pfl1108I PflMI PrneI Pm I PshAI Psp1406I Pstl PvuI 
PvuII RsrII Sac I Sa pl SexAI Sfil SgfI SgrAI 
Smar SpeI SrfI Sse8387I Stu I Styl Swal TthlllI 
XbaI Xhol 
